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ABSTRACT 

A set of techniques is presented to assist 
administrators in forecasting the need for primary and secondary 
school facilities and in critically evaluating proposals to satisfy 
that need. Four basic components allow the analysis required to 
project future conditions and test alternative proposals. (1) The 
enrollment component forecasts the number and geographic location of 
students by grade for each year over a long-range planning period. 
(2) The facility component translates pro jected students into the 
number of teaching stations and/or square feet necessary to house 
them. (3) The fiscal component forecasts bonding capacity^ tax 
revenue from different levels of government^ and expected operating 
and capital costs. (4) The geographic component assists the user in 
considering locational questions^ how best to draw attendance 
boundaries, and where to build or close a facility. Two additional 
chapters present considerations for (1) organizing a major planning 
project and (2) selecting alternative plans^ assembling data^ and 
periodically rerunning the system. Techniques described in this first 
of three documents are designed for districts with easy access to a 
computer. (A uthor/MLF) 
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Preface 

The School Facility Planning System has been developed bo assist public school 
administrators In their planning for educational space. The System has been made possible 
by a grant from the National Science Foundation to a consortium of Institutions In St. 
Louis, Missouri. To date the System has had relatively limited test experience. All users who 
identify deficiencies In the procedures or documentation are encouraged to notify the 
Executive Director of the Council of Educational Facility Planners, 29 West Woodruff 
Avenue, Columbus, Ohio, 43210; and/or the Director of Planning, St. Louis County 
Government Center, Qayton, Missouri, 63105. 
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Executive Summary 

Most school administrators appreciate the problem of long-range facility planning. Recent 
fluctuations in school enrollments, facility standards, and financial resources have 
emphasized the need for a structured and systematic approach to educational planning. The 
School Facility Planning System presents a set of techniques for persons confronted with 
elementary and secondary public school planninf decisions. 



Pun^ose . The School Facility Planning System is designed to assist administrators in 
forecasting the need for primary and secondary school facilities and in critically evaluating 
proposals to satisfy that need. Two versions are offered; one is designed for the district with 
easy access to a computer, the second requires only a desk calculator. When used by school 
personnel with a knowledge of local conditions, the System should provide a rational 
environment in which to consider the closing or construction of school buildings. 

Components. Four basic components have been developed that allow the analysis required 
to project future conditions and test alternative proposals. 

1. Enrollment Component . This component assists the user in forecasting the 
"demand" for public school education. The number and geographic location ^; 
students by grade may be forecast for each year over a long-range planning period. 

2. Facility Component. This component translates projected students into the 
number of teaching stations and/or square feet necessary to house them. 
Calculations are designed to reflect the district's unique standards and policies 
regarding school operations. A comparison of existing and planned space with 
projected needs establishes the anticipated excess or shortage of space. 

3. Fiscal Compone nt. This component helps the user in forecasting bonding 

o U ' 
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capacity, tax revenue from different levels of government, and expected operating 
and capita! costs. The fiscal implications of alternative facility plans may be 
examined and compared. 

4. Geographic Component. This component assists the user in considering locational 
questions, how best to draw attendance boundaries, and where to build or close a 
facility. The transportation ^'costs'' associated with alternative plans are calculated 
in light of the projected enrollment for different sub-areas of the district. 



Two additional chapters are provided for those administrators desiring further insight into 
the facility planning process. Considerations are presented for organizing a major planning 
project; (Chapter 7), and for selecting alternative plans, assembling data, and periodically 
re-running the system (Chapter 8). 

Capability. The School Facility Planning System will not automatically improve the quality 
of long-range capital planning decisions. As with most planning tools, the utility of the 
product will be highly dependent upon the assumptions that enter into each calculation. The 
System must be used by individuals with an understanding of local demographic and 
economic conditions and of acceptable school board policies. However, when such 
individuals can be assembled, the System should enable a more rigorous and comprehensive 
planning process than has been previously possible. 
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Chapter 1.* Introduction 

The American public spends billions of dollars annually for the construction and 
modernization of public school facilities. In recent years, the form of these capital 
expenditures has b€gun to change as school closings have become as prevalent as openings 
and school remodeling has competed with new school construction. Many districts that until 
recently were growing in both population and assessed valuation have leveled off. Others 
that stabilized in the late 1960's are in the midst of a significant enrollment decline. 
Alternative approaches to local public education continue to be explored with emphasis on 
new curricula, instruction techniques, and forms of school organization. All of these factors 
have direct implications for school facilities. Thus, capital planning and budgeting for school 
systems in the years ahead will continue to be characterized by uncertainty. 

The School Facility Planning System (SFPS^ is a method for helping school administrators 
work in an environment of uncertainty. Developed under a National Science Foundation 
grant, this system represents the effort of a research consortium, consisting of a local 
planning agency, a computer-oriented consulting firm, the departments of urban studies and 
education at a universit>% and an architectural 

The System has been reviewed by a 19 member review committee that included school 
administrators, representatives of related professional organizations, and several academic 
and private consultants. It has also been evaluated by a number of local school systems, 
primarily in the St. Louis, Missouri, area. 



♦N^.F. Grant Number APR 74-14195 was awarded to St. Louis County, Missouri, in May, 
1974, in response to N.S.F. Program Solicitation Number 73-27. The project began in June, 
1974 and terminated in October, 1975. The original grant number was GI-43109. 
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The following document explains the procedures for using the computer-based ve^on of the 
School Facility Planning System. Interested readers are referred also to the manual version 
(SFPS Volume 1) and to the final comprehensive report (SFPS Volume 3). The latter 
document contains a detailed description of: 

Project Organization . The process by which the project was organized and carried out, 
including a review of the research phases, the resources used, and the individuals and 
agencies interviewed. 

State of the Art . An overview of public school planning as practiced today, based on a 
review of current literature and questionnaires ceived from state departments of education 
and local education administrators. 

System Components . A detailed review of the specific techniques selected for inclusion in 
the system. 

Systems Utilization. A review of different ways of using the system, with emphasis on 
interpreting the results. 



1.2 



Systems 
Capability 



A successful capital improvement plan depends on an accurate appraisal of several supply 
and demand factors. The number and location of required school facilities will depend 
ultimately on the number of expected students and the quality of education considered 
appropriate for them. These projected requirements must then be evaluated in light of the 
existing facilities and the ability to pay for the development and operation of new facilities. 
The likelihood of unacceptable deterioration of existing facilities, of growth in the tax base, 
and of the passage of bond issues or tax rate increases must all be considered. 

Given the diversity of necessary considerations, it is understandable that long range capital 
improvement plans have uaditionally been difficult to prepare. Such plans have often failed 
as a result of forecasts based on crjdo techniques and unwarranted assumptions. For 
example, extrapolations of prior enrollments or assessed valuation growth rates often have 
failed to recognize the saturation limits within a community. In other situations the problem 
has resulted from unique events, such as the location of a highway or the loss of a major 
government contract, events which could not have been foreseen. 

The ideal school planning system would monitor all migration into and out of the district^ 
and all changes in the district's tax base. Based on this information, it would yield highly 
accurate long-range forecasts of district needs and resources. For most school sy&tems such 
forecasts arc not possible. What is possible is a systematic set of procedures for forecasting 
future conditions and evaluating the impact of specific proposals in light of those conditions. 
This is what the School Facility Planning System attempts to provide. 

The ultimate decision to close or build a school will usually depend on the school district's 
approach to risk, and particularly its perception of the dangers of over-estimating or 
under-estimating projected trends. In a situation where nothing can be absolutely certain as 
to the number of future students, the standards which will apply to their education, or 
expected revenues and expenses, the school board must evaluate the cost of making a poor 
capital planning decision versus making a decision to postpone constructing or closing a 
facility These costs will vary with the situation. In a growing district the decision to buHd a 
schrv>^ sooner than necessary (i.e., based on a higher than realistic enrollment forecast) may 
pro\ rise if the facility ultimately would be necessary. Such a decision would minimize 
crowding and would save funds that might otherwise be lost to inflation if the district had 
waited on its decision. However, if after the decision to build, the enrollment trends actually 
peaked, stabilized or declined, an unneeded school would have been constructed. 

Similarly, in a district with declining enrollment, the costs of a bad estimate must be 
considered. The decision to sell an unnecessary school may prove wise if enrollments 
continue to decline. On the other hand, should future enrollment levels stabilize and begin 
to climb again, a much wiser decision would have been to lease or moth-ball the unnecessary 
school until it was required again. 

The Sdiool Facility Planning System cannot determine the school administrator's or school 
board's position on such unquantifiable issues. Such positions must be adopted subjectively. 
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The System can, however, provide an administrator with a range of likely future conditions 
based on selected assumptions. It also provides a mechanism for evaluating policies designed 
to address such conditions. 



1.3 



System 
Components 



The School Facility Planning System iS a series of distinct components, each requiring 
certain information inputs and producing certain information outputs. Some of the 
components are further broken into specific system modules. Figure 1-1 presents the 
interaction of these components. Once a project is identified, most users will develop 
enrollment projections, followed by facility, fiscal, and geographic analysis. However, the 
System has been designed so that a component may be skipped which is of no interest, or 
for which information has been acquired from an independent source. In a lition the user 
has the ability to re-analyze :iny component, using a new set of assumed input variables. 
Each component contains a general description of its purpose and design, followed by a set 
of specific procedures. Examples of input cards needed to run each component are presented 
in the respective chapters. Specific formats and instructions are contained in the appendices. 



PROJECT ORGANIZATION 

Identify Study Purpose, 
Guide and Resources 
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ENROLLMENT COMPONENT 



Project the Number 
and Distribution of 
Future Students 



FISCAL COMPONENT 

Project the District 
Revenues and Expenses 
(Capital and Operating) 



FACILITY COMPONENT 

Projected Space Needs 
Based on District 
Standards, Policies and 
Existing Facilities 




GEOGRAPHIC COMPONENT 

Determine Attendance 
Boundaries and/or School 
Sites to Minimize Student 
Travel 



5ELECTI0N 



Identify the Facility 
Plan That Best Meets 
Projected Conditions 
and Goals 
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1.3.1 



Project 
Organization 



1.3.2 



Enrollment 
Analysis 



Prior to the initiation of any analysis, the school system must conduct some basic 
organizational activity. Depending upon the scope of the project, this will usually include 
the assembly of a study team, review of the overall district situation, and some initial 
decisions as to the version of the School Facility Planning System that will be used (i.e., 
manual or computer*based). The level of detailed analysis to be conducted must be 
determined, as must the available data sources which might be used. These and other 
organizational considerations will be familiar to many school planners. Those individuals 
wishing to review the many steps that enter into the planning process are encouraged to read 
Chap' ^r 7, "Project Organization," before initiating the study. 

The first analytical component projects future public school enrollments. These projections 
will var\' with the number of families expected to live in the community and their 
characteristics in terms of family size, income, religion, and other social and economic 
factors. 



1.3.3 



Facility' 
Analysis 



As described in Chapter 3, the School Facility Planning System recommend:, that several 
forecasting techniques be considered. The traditional cohort survival or grade progression 
technique is suggested for those districts needing specific forecasts for grades over a short *or 
medium-range time span. An extrapolation technique may also be appropriate for extending 
time series data on a linear or non-linear basis. For longer range forecasts in an area where 
reliable independent population projections already exist, the ratio method may be 
applicable. The ratio method can also serve as a quick check on the enrollment totals 
produced by some other technique. 

Communities characterized by rapid expansion or reduction of their housing stock may want 
to consider the dwelling unit method. This approach requires forecasts of future numbers of 
dwellings and future students per dwelling. It, as well as the other techniques, may be 
supported by a district-wide census or enumeration. 

!n addition to the district-wide p/ojections, sub-area forecasts may be desired by certain 
school districts. Chapter 3 pr*^ ; ' ^ a method of projecting "regional" enrollments and then 
allocating those totals to sma^ eas" within each region. This geographic dimension will 
enable the attendance boundar\ .cjustment and site selection procedures that are described 
in Chapter 6. Techniques for projecting racial composition and adjusting projections for 
unique events within a district also are presented. 

The ne.xt step is to determine the ability of the school system, given its existing and 
expected .school plant, to house the projected students. The Facility Component is used to 
translate projected students into the actual space required to ser'e them. This needed space 
can be measured in square feet, teaching spaces, or both. When compared to the district's 
existing space, an indication is given of the projected shortage or excess of facilities. Chapter 
4 describes the formula which yields the specific space requirements and provides the 
instructions necessar>' to carry out the calculations. The user is presented with the option of 
examining facility needs on a district-wide basis, a school-by-school basis, or, where 
necessary, a subject-by*subject basis. While the input data varies, the basic formula remains 
the same in all situations. 



1.3.4 



Financial 
Analysis 
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School capacity varies significantly, depending upon the district's standards and policies. The 
Facility Component encourages the district to examine the impact of changes in the desired 
utilization rate, sessions policy, students per teaching space, and grade organization. 
Temporar>' adjustments in one or more of these variables may eliminate the need to 
construct or close a building. Chapter 8, "Planning Considerations," reviews many of the 
alternatives that a school system may want to examine in its efforts to reduce the gap 
between expected space needs and actual capacit>*. 

Any tentative building program must be evaluated in light of its fiscal impact. Thus Chapter 
5, 'The Fiscal Component," provides the ability to forecast expected revenues and expected 
expenditures in light of any school facility configuration. The component allows the district 
to examine the following elements: 

Capital Resoutct'^. The user is provided with the ability to calculate current and future 
bonding capacity light of projected changes in assessed valuation and possible new bond 
issue efforts. 
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Future Revenues . The user is provided with the ability to forecast revenues from different 
levels of government that wit! be available for both operating and capital requirements. 



Future Expenditure s. The user is provided with the ability to project the future costs 
associated with any building program and to evaluate those costs in light of expected 
revenue. 

Long.range fiscal analysis is especially difficult because of the impact resulting from national 
and state, as well as local conditions. Future assessed valuation will fluctuate with 
residential, industrial and commercial building rates and prices, and local reassessment 
policies. Revenue will vary with local tax base trends and tax rate decisions, state allocation 
formulas, and national legislative programs. Expenditures will reflect national inflation and 
interest rate conditions, as well as local construction costs, teacher contracts, and other 
specific situations. Throughout the Fiscal Component the user is encouraged to consider 
alternative assumptions regarding probable revenues and costs. 

The final component addresses the question of location. Previous analysis has considered the 
need for more or fewer schools and the district's ability to pay, but not the important 
questions as to where a school should be opened or closed and who should attend that 
school. Chapter 6 will assist the districts in considering two important locational issues: 

Site Selection. The user is provided with a technique for determining the general location of 
school sites within a district that would minimize transportation costs in light of long-range 
enrollment projections. 

Attendance Boundaries . The user is provided with a technique for designating the 
attendance boundaries of existing schools so as to minimize transportation costs and 
improve racial balance. 

Geographic analysis can be extremely complicated, given the diversity of special 
considerations that must be taken into account. In addition to the projected location of 
students, examination must be made of the path of a railroad, major street artery, or limited 
access highway; historical attendance areas; bussing policy; and local political attitudes. The 
computer-based version of the School Facility Planning System provides several programs for 
allocating students to schools in light of distance, capacity, racial balance and other 
constraints. 

Collectively the four components present a versatile set of techniques that can be applied to 
many kinds of school planning problems. Experienced administrators with a clear idea as to 
the scope and focus of a problem to be analyzed should examine those chapters describing 
the relative components. Users with less clearly defined planning problems should review all 
chapters, starting with Chapters 7 and 8 and skipping over the procedures sections of each 
component. All potential users are encouraged to consider ways of dealing with 
"uncertainty" as outlined below. 

By itself the School Facility Planning System will not provide all the necessary answers. 
While it can be supported by quantitative techniques, school planning is essentially more an 
art than a science. The problem of obtaining additional school space or finding use for excess 
space would be difficult enough If the school administrator's perception of future conditions 
were completely accurate. As this is not the case, the planning process is more complicated. 

Every forecast generated in the following components will be based on certain assumptions 
and will be subject to statistical forecasting errors. Future enrollments will deviate from the 
projected levels as birth rate and migration patterns vary. School system standards and 
policies may also change as educational philosophies and goals evolve. Existing facility 
conditions will change because of age, vandalism, and other unforeseen events. Costs and 
revenues will fluctuate with national and local economic conditions and voter attitudes. 

The success of the planning effort will depend largely on the quality of the assumptions on 
which the projections are based. These, in turn, must rest upon the judgement and intuition 
of the individuals on the school planning team. Their combined perception of subjective 
probabilities is critical to the formulation of a relevant plan. 
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The analysis of a problem unrier conditions of uncertainty requires that a distinct set of 
procedures be followed: the options available for gathoring information must be listed; the 
possible events that could occur must be considered; uie probability that any particular 
event will occur must be evaluated; and preferences for alternative courses of action must be 
stated. It is important that the decision maker seek a cou sc of action consistent with his 
personal judgements and preferences and that he consciously monitor the consistency of his 
subjective inputs and their implications for action. 

1.4.1 Confidence Anyone making the statement that a single forecast of population, fiscal resources, or any 

Intervals other variable will be 100 percent accurate either believes he has an audience of fools or is 

fooling himself. Ver>' few forecasts have been "right on the money." Placing an upper and 
lower limit on forecasts represents a traditional technique for gaining more confidence in the 
projections which are derived. Confidence intervals can be determined objectively by using 
established statistical procedures, or subjectively by making reasonable assumptions. 

Statistical procedures exist for calculating the probability that the mean of a population will 
fall within a certain interval based on the statistical variation and the relative size of a sample 
of that population. For example, given the heights of 100 of the 400 sixth grade children 
within a hypothetical school district, one could calculate a confidence interval or b 'nd based 
on the variance in height of the 100 sixth graders and the size of the sample population 
relative to the total population. This interval might be calculated so that there would be a 
ninety-five percent chance (or some alternative, depending on the desired confidence level) 
that the average height of all 400 sixth graders would fall within that confidence band. 

At first glance these statistical procedures might seem useful to school facility planners in 
their calculation of enrollment or fiscal projections. However, since confidence intervals 
must be based on the variance in historical data, one would, in effect, be assuming that the 
variance in future data would be the same as it has been. If, as in the above example, the 
variance in the data was known, it could be said with 100 percent certainty that the 
confidence band would offer a ninety-five percent chance that the mean of the total 
population would fall within the band. But when, as in the cai^o of projections, the variance 
in the data is not known, the above statement no longer applies. No longer could a planner 
be certain that a given confidence band would offer the desired confidence level. Even 
though the historical data might suggest that a projection would fall within, for example, 
plus or minus thirty students of the actual number ninety-five percent of the time, in reality 
the impact of future conditions might insure that this range was only an eighty percent 
confidence interval. Stated another way, for any given projection there might be only a fifty 
perceni; chance that plus or minus thirty students in fact constitute a ninety-five percent 
confidence band. 



In situations that require forecasting, subjectively determined upper and lower limits offer 
more useful guidelines with which to work. Several precautions must be taken into 
consideration when determining these upper and lower limits. In most cases the upper limit 
should not be determined by assigning maximum values to all the variables involved in the 
forecast. This would result in a grossly exaggerated limit because of the fact that there is 
very little chance that all the variables incorporated in the forecast would reach their 
maximum values in the same time period. A more realistic approach would mvolvp assuming 
maximum feasible values for each variable, one at a time. The resulting forecasts would be 
recorded to determine which variable had the most influence on the forecast After making a 
subjective assertion as to those variables most likely to obtain their maxi'tnum values, an 
upper limit could be derived, using maximum values for the variables i'^^nr, '«?d as most 
volatile and influential. The same procedure could be followed to dettrriMrj iower limit, 
beghming with minimum feasible values for each variable. 

Regardless of whether a confidence interval is determined statistically or subjectively, it 
should be noted that the forecast certainty will vary inversely with time. Therefore, a 
confidence band must expand over time to maintain any given confidence level. This infers 
that a point in time exists beyond which the certainty of a forecast, including its confidence 
band, is so diminished as to render it worthless for planning purposes. A second factor must 
also be considered in the process of making projections, the length of the planning period. 

1.4.2 Planning Period If there were no uncertainty associated with enrollment and fiscal forecasts, the planning 

period would usually extend to the normal life of a school building. A facility that could be 
used for fort>- years would be designed and located in light of forty-year forecasts. However, 
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because forecasting error increases, often exponentially, with time, such a long-range time 
frame will rarely make sense. The question is how far into the future a forecast should be 
made before it is considered useless. 

Since the life of most school facilities will exceed the time beyond which a forecast will have 
totally lost its reliability, the planning period will usually be shorter than the life of a 
building. In situations involving new construction it might be advantageous to match the 
planning period with the bond or loan retirement period so that the projected utility of the 
building would extend for at least as long as the time for which the building was being paid. 
In some cases this also may be an unattainable goal since a normal debt retirement period of 
twenty years may often exceed the period for which an enrollment forecast is reliable. One 
constraint that should be observed in establishing the minimum length of a planning period 
is the capital construction time. A planning period should extend at least as far into the 
future as the time necessary for fund raising, land acquisition, and construction of the 
facility. Otherwise, a building could become obsolete before it was ever occupied. 

The determination of an outer limit to the length of the planning period requires subjective 
considerations regarding forecasting error. Assume that an enrollment forecast of plus or 
minus thirty students from the actual total enrollment was believed acceptable for a 
hypothetical school district. Further assume that a decision was made not to use forecasts 
extending beyond that point in time where there was less than a 50-50 chance of 
maintaining the ab^ve confidence interval. Based on characteristics particular to an 
individual school district, considerations could be made to determine how far into the future 
the certainty of a given confidence interval would be maintained. 

This approach defines "uncertainty" as the probability of exceeding predefined confidence 
intervals for a given projection. If, for example, the hypothetical school district had 
experienced steady enrollment growth and there were no indications that this trend would 
vary significantly, the school planner might judge that forecasting error would increase by 
only two percent per year. Beginning with the current year, where "uncertainty" is zero, the 
"uncertainty" factor could be compounded two percent a year until fifty percent 
"uncertainty" was reached, thus delimiting the planning horizon. For the first year in the 
planning period there would be only two percent "uncertainty" that the enrollment 
projection would not fall within thirty students of the actual enrollment. In the second year 
of the planning period, using the formula (l+u)"-l, where u is the percent change in 
"uncertainty" per year, and n is the year of the planning period "uncertainty" would equal 
(1.02) -1, or 4.04 percent. This progression would continue until year twenty when 
"uncertainty" would reach 48.6 percent. The planning period based on a two percent change 
in "uncertainty" per year would be twenty years. If conditions in the school district were 
such that a five percent increase in "uncertainty" per year appeared more likely, the 
planning period would be cut almost in half, as shown in Figure 1-2. 



PERCENT UNCEFITAINTY 




I FIGURE 1-2 ALTERNATIVE PLANNING HORIZONS 

'In addition to the deterioration in forecasting confidence, a second factor may be important 
in establishing the planning period. Many users will want to consider the cost of making a 
mistake. Even in situations that are unstable to the degree that no confidence is warranted in 
the forecasts beyond a few years, it may be desirable to examine the consequences of a 
decision if certain projections did materialize. 
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This approach Is based on the premise that while it is often not possible to make long-term 
projections with any certainty, the ease or difficulty of dealing with alternative "scenarios" 
can be e:;amined. If the cost of being unprepared for a particular set of enrollment or fiscal 
conditions was great, the district might want to retain options for dealing with this 
eventualitiy. despite the probability of its occurrence being small. Users concerned with the 
consequences of possible enrollment or fiscal conditions may want to extend the planning 
period beyond that point for which there is reasonable certainty regarding specific 
projections. In most case^ a minimum ten-year planning period is recommended. 

1.4.3 Deci^on Focus Once the length of the planning period has been established, the school planner must focus 

attention on when during the planning period facility changes should take place. Relevant 
subjects for consideration are the direct relationship between forecast error and time, 
economies of scale, interest rates, and building cost inOation . 

Since one can be more confident in the accuracy of short-range as opposed to long-range 
forecasts, it follows that planning facility changes to meet immediate demand will be safer 
than building far ahead of projected demand. If the years of the planning period were ranked 
according to an "uncertainty" schedule such as those developed above, attention would 
focus on the earlier years in the planning period. For example, a fifteen-year enrollment 
forecast for a hypothetical school district might dictate the need for a 2,000 student 
capacity facility at a particular location by the twelfth year of the planning period. 
Construction of the facility early in the planning period, far ahead of demand, could offer 
the best facility mix over the entire period if the enrollment projections proved to be 
accurate. But the uncertainty schedule for ihh district might indicate the enrollment 
projections during the last years of Uic period to bo so tnc-efinite that it was deemed unwise 
to build the entire facility. Inri'c<':id, j sm:^l!or faciliiy might be approved in a different 
location designed to serve the dern:;.d fcrecasts for tho first five years of the period. 

Economies of scale . The relative accuracy of short-range forecasts is only one of the factors 
which must be considered in the timing of facility decisions. Economies of scale constitute a 
second factor; however, in the school planning context, this concept cannot be assigned its 
traditional meaning. Normally, economies of scale measure different levels of output 
corresponding to facilities of different size. Unfortunately there is no easy way to measure 
educational output. One can jud^c. but not measure, whether the size of a facility has any 
bearing on the quality of education offered. For purposes of school facility planning, 
economies of scale can only be measured in terms of operating and building costs for 
facilities of different size. Given this qualification some users may choose to estimate 
potential savings due to economies of scale in the following manner: 

1. Collect construction cost data on various large and small facilities within the district or 
metropolitan area. To the extent possible these should be characterized by a similar level of 
amenities. 

2. Correct the construction cost figure of each facility for inOation using the following 
formula: 



ecu 



CC, 
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where: 

X = construction cost corrected for inflation, 

CCIg =^ local construction cost index in the base year (usually 100), 

CCIjj « local construction cost index for the period in which the facility was built, and 

CCj^ « actual dollar amount of the construction costs. 

3. Divide each inflation corrected construction cost by the floor space for the associated 
building;. This will result in a doUars per-square-foot figure for each facility. Comparison of 
these tlgures should indicate which schools, large or small, have historically been more 
economical to build in the area. 

4. Another economy of scale consideration involves operating costs, including custodial 
and administrative overhead. Personnel and maintenance costs must be allocated to each 
school according to staffing patterns. Then divide the operating expenses of each school in 
the district by the corresponding number of square feet of floor space for each school and 
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compare the figures. This may reveal any economies of scale in the operating expenses for 
facilities of various size. 



The above information will provide a second guideline for the timing of facility changes. 
Consider the previous example, where a long-range forecast dictates the need for "x" 
amount of additional space. The additional space could be built in stages with the 
construction of several small facilities to hedge against the possibility of a downturn in the 
demand for space. Or one large facility could be constructed which would have the required 
additional space for the entire period. If the economies of scale associated with the large 
building outweigh the uncertainty of the long-range forecast, then the laiger facility should 
be built in advance of projected demand. 

Interest Rates. Interest rates, or the cost of money, is a third factor that should relate to the 
staging of planned facility changes. Bonded indebtedness has traditionally been the common 
source of revenue for financing school facility construction and modernization. Interest rates 
on municipal bonds may vary as much as one percent within a year. Additional rate variation 
may occur depending on the type of bond, size of the issue, and bond nUing of the issuing 
authority. The probable direction of long-term interest rates and the district's bond rating 
will have to be analyzed. If it is suspected that interest rates will increase (and /or the bond 
rating fall), there will be pressure to build sooner rather than later. Alternatively if there is a 
chance that the bond rating may increase in the future (and/or interest rates may fall), then 
there may be an incentive to postpone construction. A combined increase or decrease in 
interest rates and bonding rating could offset each other, fhus offering no guidance in 
deciding when to build. 

Inflation. The effect of building cost inflation must be considered in conjunction with 
interest rates and the district's bond rating. The basic question is whether the impact of 
inflation on a school district's expected revenues will be comparable to the impact on 
construction costs, Several possibilities exist. Costs and revenues could increase or decrease 
at the same rate, resulting in no incentive to build at one point in timi? over another. Costs 
could rise at a slower rate than revenue, in which case postponement of construction would 
be fa'> ored, or vice versa. 

Differences in the cost of money and construction must also be considered. An evaluation 
will be especially difficult when material and labor costs are expected to rise in conjunction 
with falling interest rates. An attempt should be made to estimate when, and if, rising 
material and labor costs will offset potential savings due to declining interest rates. 

Subjective assertions are necessary in every category of school planning. A major element in 
the success of any planning effort will be the knowledge and understanding that each 
planner has of a particular school district. Confidence intervals can assist in the forecasting 
effort and should play a role in determining the length of the planning period. Once the 
planning period has been identified and the projections made, judgements regarding 
uncertainty, economies of scale, interest rates, and inflation must all be considered jointly in 
the timing of facility changes. 



Chapter 2: Systems 

Considerations 

The use of a computer to carry out the analysis required in the School Facility Planning 
System introduces a unique set of considerations. The following chapter is designed to 
identify the opportunities and concerns associated vrth a computer-based system, to provide 
a general description of the programs that have been developed to support the System, and 
to suggest possible approaches towards the use of the System. In addition four technical 
appendices have been prepared. Appendix A provides a detailed explanation of the required 
input cards and the printouts produced by the four components. Appendix B summarizes 
selected hardware and software characteristics associated with each of the processing 
packages. Appendix C summarizes the derivation of selected mathematical routines and the 
statistical terms that are used. Appendix D describes an optional statistical analysis package 
that may be useful. Appendix F presents an optional mapping package. 



General Most planning activity requires the conscious or unconscious use of a "model" of some real 

Considerations world situation. A mathematical model is an abstract representation of an actual social, 
economic, or physical system that describes the relationship between appropriate variables in 
quantitative terms. Any variables may be used for which quantifiable data can be assembled, 
and which will contribute to a better explanation of the situation being described. Some 
variables are required as input information to the model. Others are calculated by it. Most of 
the models used in the School Facility Planning System describe the impact that could be 
expected if a variety of potential conditions occurred, including those both within and 
beyond a school district's control. In addition, the System's Geographic Component 
contains an optimizing model which determines the "best" attendance boundaries for a 
projected distribution of students and schools. 

The use of a computer adds a dimension to most models which makes them particularly 
valuable tools for addressing complex planning problems. By providing speed and versatility 
a computer-based system allows for greater interaction between the planner and the model 
than would otherwise be possible. Properly constructed, such systems have several features 



which are of utmost importance. 



Structure . Structure is intrinsic to the nature of computers. Calculations are performed 
on data that is entered according to prescribed formats. As a result, a computer-based 
model invokes a discipline which requires the introduction of order to a potentially 
confusing assemblage of variables. The insight which results from building a model 
(and/or understanding its structure) may be equally as valuable as the analysis of the 
modePs output. 

Speed. The computer allows the analysis of a greater volume of data, a greater variety 
of variables, and more complex relationships than could readily be accomplished 
manually. With its ability to apply mathematical routines against substantial amounts 
of information, the planner or analyst is freed to spend more time thinking, and less 
time doing clerical steps. 

Flexibility . The fact that assumed input values can be easily changed, combined with 
the computer's speed, makes possible a third, and perhaps most important feature, that 
of man-machine interaction. Using a computer-based model, the planner can engage in a 
feed-back cycle in which knowledge gained in using the model can be re-entered into 
the system to obtain further insight. Models can be used to examine the probable 
impact of alternative courses of action and/or assumed conditions. Then, selected 
variables and relationships can be refined to more accurately reflect reality based on the 
previous interactive experience. 

In summary, if the computer-based model is constructed properly, it will aid the planning 
process in important ways. It will introduce a systematic approach to understanding and 
analyzing a problem, and it will reveal the implications and consequences of the many facts 
and assumptions which are fed into it. The adoption of a computer-based system, however, 
should not be undertaken casually. Because extensive attention to detail is required, 
compiling the system and properly preparing the input data can demand considerable time. 
Running the system may be expensive, especially where access to an **in-house" computer is 
not possible. Finally, the mystique that too often accompanies computerized analysis can 
lead to the unthinking acceptance of unreasonable assumptions. Any potential user 
considering the computer version of the School Facility Planning System should be 
conscious of these potential '"costs," as well as the significant attractions. 

The probability of using the System on a repeated basis may be a critical consideration in 
deciding between the computer-based and manual versions. For maximum benefit a 
potential user should make a long-term commitment to the use of the computer version in 
the district. It should be regarded as an important element in the planning and budgeting 
process. If possible, an annual cycle should be initiated in which historical information is 
updated, the previous year's forecast checked against actual events, and any variation 
analyzed and explained. Where the analysis indicates that additional variables must be 
considered, they should be added to the model. If the analysis indicates that initial 
assumptions regarding projection methods were inappropriate, revisions should be made. 
When repeated each year, this process should refine the model so that it produces valuable 
insight into the merits of hypothetical plans. 



2.2 System Overview Each school district will have different informational needs and different amounts and types 

of available historical data. With these variations in mind, a set of programs has been 
designed that attempts to provide a maximum amount of analytical flexibility in the System 
without requiring that the user become a computer programmer. These programs have been 
assembled in several general packages for the analysis and projection of data. They provide a 
structure within which a specific problem can be analyzed and specific solutions evaluated. 

The first package supports the Enrollment, Facility, and Fiscal Components. The second 
supports the Geographic Component, and the third is a general purpose multiple regression 
package which may be useful in both the enrollment and fiscal forecasting. All are v/ritten in 
Fortran and may be run on a medium-sized computer. The purpose and characteristics of 
each package are described below. 

2.2.1 Basic Support The Enrollment, Facility, and Fiscal Components make use of a generalized family of 

System programs which maintain a data base, perform analytical routines, and generate reports in a 
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standard, but flexible format. 



The data base consists of a matrix as shown in Figure 2-1 that has up to 105 columns 
representing 105 consecutive time periods, and up to 1000 rows, each row representing a 
variable to be projected. Each of the rows (variables) is named and numbered by the user. A 
basic set of variables has been defined and numbered for the Enrollment, Facility, and Fiscal 
Components as a part of this study. The user may change these names and numbers if 
necessary' to suit the particular needs of the district. 
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FIGURE 2-1 BASIC SUPPORT SYSTEM MATRIX 



The user may designate a method for processing each of the variables. Available methods 
range from simply entering a set of values to the use of curve fitting and multiple regression 
techniques. Four basic projection methods are provided as an integral part of the system. 

a. Fitting to a standard curve. 

b. Regression analysis. 

c. Arithmetic calculations. 

d. Direct input by the user. 

With the basic package a user names a variable ai.d assigns it to a specific row; enters 
historical data for that variable if needed; and designates the mathematical operation that is 
to be used to process the information. Projection methods have been designated for each of 
the variables defined in the study. Most can be used as currently suggested. Others will have 
to be changed by the user to fit conditions that exist in the district. 

The data that is entered is analyzed and projected and summary calculations are printed. The 
user can control the print-out organization if desired. Report headings, the variables to be 
printed, the time periods to be printed, and the sequence and groupings of the report can all 
be adjusted. Again, a report format has been designated as part of this study. The user may 
revise it to serve the specific school district's needs. 

The procedures outlined in the Enrollment, Facility, and Fiscal Components are concerned 
primarily with the preparation of data as input to the computer. To facilitate this process, 
sample input forms are presented which contain much of the necessary information, 
including row number?, variable names, and the designation of projection methods. 

Enrollment Component. The package permits the projection of students within the school 
district at several levels. The total district enrollment and/or enrollment by grade may be 
projected. Projections for sub-geographic regions within the district and the allocation of 
such forecasts to even smaller areas, for purposes of geographic analysis, is also possible. 

Five forecasting techniques may be undertaken using the package: 



a. Cohort survival 

b. Time trend projections 
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c. Ratio method 

d. Dwelling unit multiplier 

e. Multiple regression 

Some of these techniques require that certain calculations be made ''off-line" and then 
entered directly into the System. The sample program structure referenced in Chapter 3 is 
designed to be run concurrently with the Facility and Fiscal Components. However, some 
districts may want to analyze their enrollment situation at such a detailed level that the 
Enrollment Ck)mponent may have to be run by itself. 

Facility Component . The basic support system is used in the Facility Component to 
translate projected enrollment for a given school, or the district as a whole, into required 
teaching space. The Component requires the collection of selected standards and policies 
unique to each district, such as the desired utilization rate, sessions policy, students per 
teaching space and grade organization. Also an inventory of adequate existing and expected 
teaching spaces must be taken. This should be prepared for each separate space type, such as 
regular classrooms, large rooms or science laboratories, for which specific analysis will be 
conducted. 

The program converts a projection of future students (as obtained from the Enrollment 
Component or independently) into, first a forecast of students by subject area, and then a 
forecast of the actual rooms or teaching spaces necessary to house those students. The 
required space is then compared with the actual and expected amount of space in the district 
to i^veal an anticipated shortage or excess of space for each year during the planning period. 
In addition to space requirements, the program also calculates the required teachers for each 
subject area. 

The sample program structure referenced in Chapter 4 allows a user to define up to six 
different subject areas for elementary school and up to twenty different subject areas for 
both junior and senior high school. The space requirements for these latter subject areas can 
then be combined into six basic space or room types. 

Fiscal Component. The same program package is also used to conduct the Financial 
Component. Fiscal analysis in school capital planning requires three somewhat separate 
activities— an examination of debt financing opportunities, probable school district revenues, 
and probable school district expenditures. Thus, the Component has been divided into three 
sub-systems or mOU.^des. 

The Bonding Capacity Module calculates the district's forecasted net bonding capacity for 
each year throughout the planning period. First, gross bonding capacity is projected as a 
function of the district's total assessed valuation. Then the district's principal payments on 
outstanding and proposed bonds are subtracted from gross bonding capacity to arrive at 
forecasted net bonding capacity. If a planned bond issue exceeds the district's bonding 
capacity, the net bonding capacity will have negative values, thereby indicating that the 
proposed issue must be modified. 

The Revenue Module is used to forecast the district's revenues for the long-range planning 
period. Since the fmancing of school districts changes frequently in regard to the sources of 
revenue, long-range forecasts should be re-run on an annual basis, with the specific formulas 
modified to reflect local and state legislation. The program is organized so that local, state, 
and federal forecasts can be made along the lines of the United States Office of Education 
(USOE) Code of Accounts for local school districts. 

The Expenditure Module forecasts the district's expenditures up to the long-range planning 
horizon. Again the USOE recommended Code of Accounts forms the basis for the 
expenditure categories. This Module yields a total projection of costs, which, when 
compared against future revenues, presents an expected cash flow for the school district. 

Geographic The Geographic package consists of two linear programs which are presented to assist in 

Analysis Support designating attendance boundaries, and testing the travel implications of alternative sites for 
System proposed school closings or construction. 

As with all linear programs, these programs are designed to optimize an objective function 
subject to certain constraints. The first program is entitled Bound. It minimizes the total 
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travel distance (or time, or cost) of students to schools, subject to the constraint that no 
school IS assigned a number of students greater than its specified capacity. The second 
program, R Bound, is designed specifically for districts that are attempting to resolve a 
school integration issue. It establishes boundaries which minimize total travel distance 
subject to a maximum permissable variance in the racial composition of each school in the 
district. 

Both these programs require enrollment projections on a small area basis throughout the 
district, as determined in the Enrollment Component. Each makes use of a previously 
written subroutine entiUed Simplex to find the optimal allocation of students to each 
school. Linear programs may consume a considerable amount of computer time, depending 
on the way in which they are formulated. School districts without ready access to **free" 
computer time may want to consider solving their geographic analysis problems by using a 
service bureau's proprietary software. 

The regression analysis capability in the basic support system should satisfy most user 
requirements. In some instances, however, more statistical versatility may be desired. The 
statistical analysis system is presented as an open^nded multiple regression technique with 
which users may formulate their own forecasting model. This program permits a variety of 
statistical options, including artificial orthogonalization of the independent variable vectors 
to eliminate multicollinearitv', distributed lags, and an autoregressive least square routine. Its 
use is completely optional. Because the amount of data adtu. ir:v processed is small, the 
program requires no disc or tape operations, and has minimal coh .iorage r<?QiJirements. 



The School Facilit>' Planning System should be regarded as a set of adjustable tools which 
can be used in analyzing capital requirements and preparing an appropriate course of action. 
Components may be used together as a complete set or individually. Each of the 
components can actually be tailored to fit specific district needs. Because the System has 
been purposely designed on a modular basis, there are a number of ways in which to conduct 
tiie analysis. The following approach should prove useful to many districts; others will want 
to modify the sequence. Review of Chapter Seven indicates that initial thought must be 
given to the definition of the problem to be examined, and the team that can be assembled 
for the study. As a result of this organizational activity, decisions can be made as to which 
version of the System to use, which components will apply, the planning period and the 
level of analysis, district-wide or on a school-by -school basis. 

Once there is initial understanding of the entire System, most users of the computer version 
will want to proceed with a specific case for each of the components they have selected. 
Completing the sample cards and running the sample data will lead to an appreciation for 
many of the specific procedures required. At this preliminary stage less thought should be 
given to the validit>' of input values, than to the basic relationships between variables and the 
mechanics of running the Sj stem. 

After a first pass has been completed for all relevant components, attention should be 
concentrated on molding the System to a particular school situation. The user of the 
Enrollment Component will want to evaluate which of the five projection techniques are 
appropriate in light of the district characteristics, the length of the necessary forecast, and 
the available data. A series of passes may be run, followed by adjustments and re -runs, until 
an acceptable forecast is obtained. Districts are encouraged to make alternate forecasts based 
on various demographic assumptions. For example, **high," *'most likely/' and "low'' 
forecasts might be calculated and retained. 

After one or more "reasonable'^ enrollment forecasts have been calculated, most users will 
want to examine the space implications of these projections using the Facility Component. 
The current school standards and facility inventory should be entered initially. Where no 
formally adopted standards exist within the school district, as, for example, regarding the 
desired classroom utilization rate, the actual policy should be determined and entered. 

The user will quickly observe that a projected space deficit or excess can be reduced by 
either **non -structural" or "structural" means. A projected shortage of facilities may be 
eliminated by a higher number of students per room, a staggered sessions policy or some 
other policy changes; or the shortage may be reduced through new construction or 
modernization. Similarly a projection of excess space may be reduced by "non-structural" 



EKLC 



17 



means, such as a lower utilization rate or student classroom size, or by the actual disposition 
of buildings. The process of identifying and testing the implications of these many 
alternatives will require the entry of '^assumed'" values for a hypothetical new policy or 
building and a rerun of the System. 

When satisfied that one or more facility plans are reasonable, users will want to explore the 
fiscal aspects. If it appears that debt financing may be necessary, analysis can be made to see 
if the required bonding capacity is available. If not, the feasibility of a scaled down, or 
postponed plan may have to be considered by returning to the Facility Component. Analysis 
of expected revenues and expenditures will provide evidence of the projected fiscal situation 
in light of the facility plan. Where the anticipated cash flow is projected to be insufficient to 
offset expected costs, the possibility of a smaller capital plan, better long-term financing 
terms, smaller operating costs, or larger revenues might be evaluated. Thus, the fiscal impact 
of a reduced plan, revised terms for proposed bond issues, a modified tax rate or smaller 
salary increases could all be analyzed with successive runs of the System. 

Either before or after the fiscal analysis, the user may want to examine the geographic 
implications of a proposed plan. If the district is in terete ?d in devising attendance boundaries 
that will minimize transportation costs, either, or both, programs in the Geographic package 
may be run. In most cases this will necessitate rerunning the Enrollment Component so that 
the proper small area student forecasts are prepared, if the user desires to evaluate the 
transportation implications of additional or fewer school sites, the program Bound may be 
run with both current and projected enrollment data. 



2.4 Projection One of the most difficult requirements will be that of selecting a reasonable forecasting 

Techniques technique. This decision cannot be made lightly, for an approach that is valid in one 

community may be completely unrealistic in another. The most important forecasts in the 
System are those upon which subsequent calculations and analyses are based. In general, 
these will include: 

Future student enrollment 
Future dwelling units 
Future assessed valuation 
Future building costs 
Future average salary costs 

The School Facility Planning System allows a user to select from a variety of techniques for 
making these projections. Arittimetic calculations can be made from previously calculated 
data, or independent forecasts can be input directly. Time series extrapolations and 
regression analysis can also be performed. These latter technique.*; are summarized below. 
Additional detail is contained in Appendices C and D. 

1. Straight Line Regression This projection method assumes that the rate of 
absolute change will remain constant over the planning period. If past trends 
exhibit a straight line growth or decline and this pattern is expected to continue, 
this may be the most appropriate projection method. A graph of the historical 
values should resemble the solid lines as shown in Figures 2-2 and 2-3, for this 
method to be applicable. 

VARIABLE VARIABLE 



TIME TIME 
FIGURE 2-2 LINEAR GROWTH FIGURE 2~3 LINEAR DECLINE 

Q i« 28 
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Exponential Cicrve, The exponential curve may be applicable when there has been 
a constant percentage change in the rate of growth or decline of the variable in the 
past, and this trend is expected to continue over the planning period. A graph of 
the historical data should have the general shape of the solid lines shown in 
Figures 2-4 and 2-5. 



VARIABLE 



GROWTH / 

/ 

/ 



VARIABLE 



DECLINE 



FIGURE 2-4 TIME 
EXPONENTLAL GROWTH CURVE 



FIGURE 2-5 TIME 
EXPONENTIAL DECLINE CURVE 



^- Modified E xponential Curve. The modified exponential curve is similar to the 
exponential curve in concept and shape. This curve, however, will eventually reach 
a maximum limit. This tj'pe of curve may be appropriate for projection purposes 
if a graph of the historical data resembles the solid lines in Figures 2-6 and 2-7. 

VARIABLE VARIABLE 




FIGURE 2--6 ^^^^E FIGURE 2-7 '^^^ 

MODIFIED EXPONENTIAL CURVE MODIFIED EXPONENTLU. CURVE 



Modified Ex ponential Curve with Asymptote. This curve has the same general 
shape and formulation as the modified exponential curve. It may be appropriate 
when the user wishes to specify a maximum or minimum value that the variable 
can approach but not exceed. 

5. Logistics Curve. The logistics uarve usually assumes an S shape. It is based on the 
premise that there is an upper limit to the variable being projected and that the 
rate of change in the variable will decrease in direct proportion to that upper 
bound. This means that as the maximum value is approached, the rate of growth 
decreases, giving rise to an S-shaped curve. If this curve is chosen for projection 
purposes, a graph of the historical data should have a shape similar to the solid line 
in Figure 2-8 and Figure 2-9. 

6- Logistics Curve with Asymptote. This curve has the same general shape and 
formulation as the logistics curve. It should be used when the user wishes to 
specify a maximum value or asymptote that the variable can approach but not 
exceed. 
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VARIABLE 



VARIABLE 




TIME 



FIGURE 2-8 



LOGISTICS 
(GROWTH CURVE 



TTMR 

FIGURE LOGISTICS 

DECLINE CURVE 



7. Gompertz Curve . The Gompertz curve is a special case of the general logistics 
curve. The rate of growth for this curve declines by a constant percentage each 
time period; whereas the change in the regular logistics curve is in direct 
proportion to the limit. Data which resembles the solid line in Figure 2-10 and 
2-11 may be appropriate for projection using a Gompertz curve. 

VARIABLE VARIABLE 




\ 

\ 



TIME TIME 

FIGURE 2-10 GOMPERTZ FIGURE 2-11 GOMPERTZ 

GROWTH CURVE OtiCLlNE CURVE 



8. Gompertz Curve with Asymptote. This curve has the same genera! shape and 
formulation as the Gompertz curve. It should be used when the user wishes to 
specify a maximum value that the variable can approach but not exceed. 

9. Multiple Regression . The multiple regression projection technique allows the user 
to forecast a variable based on the forecast of one or more independent variables. 
In this manner the user takes into account the projected and actual changes which 
have occurred in those variables affecting the variable being projected. A multiple 
regression attempts to fit a relationship of the form Y - 
Aq + Aj^ Xj^ + A2 Xn + .... + A^ to the user specified data where Y is the 
dependent variable being projected, X^ is the independent variable, and A^ is the 
relationship between Y and X^^ as calculated in the program. If the user has a 
number of variables which are believed to affect the variable in question, this 
technique may be used to take explicit account of each one. The basic support 
system allows both linear and exponential regression with up to six independent 
variables. The statistical analysis system (Appendix D) permits additional 
forecasting rigor for users with some statistical experience. 

The most critical element in selecting a forecasting technique is the user's judgement and 
intuition as to what is likely to happen. The initial eight curves described above provide no 
explanation as to why a variable will change in a certain direction. They simply indicate the 
variable's future course if it were to continue with the rate and direction suggested by the 
historical information. Thus, if there is reason to believe that past trends will not be 
reflected In the future, a time series curve will be inappropriate for forecasting purposes. A 
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multiple regression technique jnay provide more explanation as to the behavior of a given 
variable. However, even when there is a strong statistical relationship between several 
variables, there may not be a cause-and-effect relationship. To be used effectively, the 
multiple regression equation must rest on a theoretically sound relationship between the 
independent and dependent variables. Its use will also depend on the availability of reliable 
forecasts for the independent variables. 
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Chapters: Enrollment 

Component 

The objective of this component is to assist in the forecasting of future public school 
enroilments. Procedures are provided for the development of forecasts for total school 
system enrollment levels, enrollments in each grade, the geographic distribution of 
enrollments, and the raciaJ composition of future public school students. 



3.1 Overview 



The general approach emphasized throughout the chapter is based on the assumption that no 
sUtistical forecasting technique is adequate unless tempered by professional judgement and 
experience that recognize the unique characteristics of an individual school district. 
Projections generated by the techniques in this chapter should not, therefore, be accepted 
without reservation or modification. These forecasts should be viewed as an initial baseline 
from which to deviate when conditions are not sufficiently explained by the assumptions 
inherent in the procedures used. 

Section 3.2 includes four distinct techniques which may be used for forecasting total school 
system enrollment levels. The basic rationale of each technique Is described briefly and the 
associated data requirements are outlined in this section. 

The cohort survival technique is presented first. This method is generally used as a 
short-range forecasting tool (i.e., one-to-five years). It is based on the calculation of a series 
of survival rates, each of which indicates the fraction of students in one grade in a given year 
who 'surv/.vo^ to the next grade in the next year. The survival rates will thus encompass all of 
the individual factors influencing enrollments, such as migration and retention rates. 
Enrollnneni;ji in tfee initial grade are estimated independently on the basis of past birth data. 
This technique rr.ay be particularly appropriate for school districU where the principal 
source of uil^certainty as to future enrollment levels can be attributed to changes in the birth 
rate or the age distribution of the population, and where other factors such as migration 
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rates are expected to remain stable or continue to change at the same rate as they have in the 
past. 

The second technique is entitled time trend projections. This method also lumps the effect 
of individual phenomena together and simply extrapolates the specified enrollment trend. 
An advantage of this technique is that the user is allowed considerable freedom in the 
selection of an appropriate trend curve. Therefore, the projections are not entirely 
constrained to an exact replication of past trends, but reflect the user's perception of the 
most likely pattern of future enrolhnents. 

The ratio method is presented next. Forecasts derived using this technique are bssed upon 
currently available projections of trends for some larger region of which the local school 
district is a part. In general larger regional forecasts are more reliable than forecasts for a 
small geographic area. Thus, if the relationship between the larger area and the local school 
system is reasonably stable, this technique may be useful in deriving longer range forecasts. 

The dwelling unit multiplier technique is the fourth method presented for projecting total 
school system enrolhnents. This technique involves the generation of separate forecasts of 
future dwelling unit growth (by type of dwelling) and of the yield of public school 
enrollments applicable to these dwellings. This method may be especially appropriate in 
growing school districts where a major portion of the enrollment growth is expected to st«m 
from future residential developments. 

The user is encouraged to examine these techniques carefully to determine those which may 
be appropriate in each school system. It is further suggested that several techniques be 
utilized. Comparisons of several forecasts, derived independently using different techniques, 
may provide valuable insight into future enrolhnent patterns. If these forecasts are quite 
similar, the associated uncertainty may be of less significance. If they are very dissimilar, it 
may be possible to locate the source of the discrepancy and thus avoid the possibility of 
relying on forecasts which are based upon an invalid set of assumptions. 

Of the four enrollment forecasting techniques presented in Section 3.2, only the cohort 
survival technique specifically derives estimates of enrolhnents by grade. Section 3.3 thus 
contains a method whereby an estimate of enrollments in each grade may be generated. A 
modified formulation of the cohort survival technique is used to allocate the total 
enrollments which have been previously forecast to various individual grade levels. 

Section 3.4 is concerned with the geographic distribution of future enrollments. Two levels 
of geographic detail are considered. In the first part of this section, projection techniques for 
relatively large regions within the school system are considered. These regions are defined as 
the largest areas within a district about which generalizations can be made concerning past 
atid expected future densities and growth patterns. Each region thus defined will consist of 
relatively homogeneous neighborhoods. The suggested forecasting approach for these regions 
Is simply to reiterate the most appropriate of the total enrollment forecasting techniques, 
using input data which pertains only to that region. The second part of Section 3.4 involves 
the allocation of total regional enrollments (or system -wide enrollments if no regional 
breakdown has been undertaken) to a number of smaller areas contained in the region. The 
enrollment In each of these smaller areas is initially forecast, using a modified dwelling unit 
multiplier technique. These area forecasts are then adjusted to conform to the forecast for 
the region, as it is assumed that these regional forecasts are more reliable than forecasts 
derived for the smaller areas. 

The racial composition of future enrollments is examined in Section 3.5. The approach 
suggested in this section involves a reiteration of any of the previous techniques, substituting 
wherever appropriate non-white enrollment data for total enrollment information. 

The last section of this chapter. Section 3.6, briefly looks at the uncertainty associated witn 
enrollment forecasting. An attempt Is made to measure the extent of this uncertainty by 
presenting a procedure for calculating confidence intervals for the initial forecasts. This 
procedure involves the reiteration of previously described procedures, using reasonable 
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expectations of the likely high and low values which various inputs might take in each yeftr 
of the planning period* 



3.2 Total 



None of the techniques included in this chapter can adequately handle all of the multitude 
of possible contingencies. Adjustments should be made to the basic forecasts wherever it is 
possible to anticipate and quantify any future conditions which might cause the actual 
enroiiment level to deviate from the forecast vaiue. This adjustment process is discussed in 
the second part of Section 3.6. 

The forecasting techniques have been illustrated, using the- basic support system described in 
Chapter 2. Input cards containing sample information have been keypunched and included 
with the program deck. Examples of typical data preparation forms have also been included 
for selected rows throughout the procedures sections. 

Some users may find it possible to carry out the necessary analysis simply by substituting 
data for their district in the rows that have been prepared. In most situations, however, 
differences in the planning period, the desired projection technique, the district 
organization, or the district size will necessitate modifying the rows themselves. Notice that 
if more than 300 rows are used in the Enrollment Component, it may not be possible to 
implement the Enrollment, Facility and Fiscal components together as part of oneiystem's 
run. This is because of the 1,000 row maximum that characterizes the basic support system. 

Prior to the execution of the procedures contained in the balance of this chapter, an 
appropriate planning horizon must be chosen. The length of the planning period may be 
influenced by the specific forecasting technique chosen. However, as stressed in the first 
chapter, many additional factors should be considered. 

Capital planning and budgeting is essentially a long-range activity. The user is therefore 
encouraged to consider a planning period of at least ten years for enrollment forecasting 
purposes. While the degree of uncertainty will increase rapidly as forecasts are extended 
farther into the future, some measurement of long-range demands should be attempted. The 
time period presented in the current version of the System assumes nine years of historical 
information (1965-1973), the current year equal to 1974, and seventeen years in the 
planning period (1975-1991). As such three '1* cards are necessary when historical and 
projected data are input to the System for a given row. 

^^"^ techniques are presented below for projecting the total number of students within a 
Enrollnvent school district: cohort survival, time series analysis, the ratio method, and the dwelling unit 

rorecas^s method. 



3-2-1 ITie Cohort 



The cohort survival (or grade progression) technique is the most commonly used enrollment 
survival forecasting method. The data requirements are not extensive, but yield a projection of 

Technique enrollment by grade. 



a2«l.l General 



Th>5 forecasting technique involves the calculation of a series of 'survival rates* which reflect 
^^9^ the proportion of students in a given grade and year who progress or 'survive' to the next 

hi^er grade in the next school year. These rates are calculated using the equation below: 



S^ij+1 " Ei+l,j+l / 
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where SR represents the survival rate from grades i to i+1, and : the enrollment in grade i 
in school year j. For example, suppose that there were 300 students enrolled in the fourth 
grade, in the 1973-74 school year, and that there were 285 students enrolled In the fifth 
grade in the 1974-75 school year. The cohort survival rate in this case would equal 0.95 (i.e., 
285/300). Survival rates are calculated similarly for several previous years. The average of 
these past survival rates is then applied to current enrollment data to obtain estimates of 
future enrollment levels. For example, suppose that the average survival rate for students 
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progressing from grade four to grade five was calculated from historical enrollment figures 
and found to equal 0.97. If there were 300 students enrolled in the fourth grade in the 
current school year, then ninety-seven percent (97% or 0.97) of these students would be 
expected to 'survive' to the fifth grade in the next school year. The estimated enrollment in 
the fifth grade for the next school year would thus be 291 (i.e., 0.97 x 300 - 291). Average 
survival rates for each pair of consecutive grades may be simDarly computed and applied to 
current enrollments to derive forecasts for each grade. These average survival rates may be 
further applied to subsequent years over the planning horizon so that enrollment forecasts 
may be generated as far into the future as desired. 

All the factors which may influence the progression of students from one grade to the next 
are lumped together and measured simultaneously by the cohort survival rate. These factors 
include migration patterns, drop-out, retention and death rates, as well as public versus 
private school preferences. For this reason, the survival rates may be either greater or less 
than one depending on the net effect of all such factors. The use of the cohort survival 
technique does not facilitate an examination of any of these factors Individually. The use of 
the average of previous survival rates in the generation of forecasts implicitly assumes that 
historical trends in these factors will continue relatively unchanged. 

Where this assumption is thought to be appropriate, the cohort survival technique should 
provide reasonably valid enrollment projections. However, In school systems where these 
factors are expected to deviate from patterns exhibited In the past, the use of this technique 
may result In serious forecasting errors. The user in this case should rely upon the cohort 
survival method only for that period of time over which such factors are expected to remain 
stable or continue to change at rates similar to those exhibited In the past. For this reason 
the cohort survival method is frequently used In generating short-range forecasts, from one 
to five years. 

Cohort survival rates cannot estimate the initial grade enrollment for kindergarten or first 
grade. This task must be accomplished independently. The technique used here to forecast 
enrollments in the initial grade involves an examination of the historical relationship 
between the Initial grade enrollment and the number of births which occurred five years 
previously. A six-year lag would be appropriate where kindergarten Is not offered. Births 
occurring within the school district boundaries, or county-wide (or municipal) birth data, 
may be used. A *birth survival' rate will be used to reflect the relationship between the two 
variables. This rate Is computed as follows: 



BSR - Ej t / Bt.3 

where BSR represents the 'birth-survival' rate, Ej ^ represents the enrollment In the Initial 
grade in year t, and B^.^ represents the number of births In year t-a, a being the average age 
of student enrolled in the Initial grade. The average of birth-survival' rates for several previous 
years may be applied to subsequent birth data to provide an estimate of future Initial grade 
enrollments. 

The relationship between initial grade enrollments and births occurring within the school 
system's boundaries should represent a more reliable predictive measure than would the 
relationship between Initial grade enrollments and county births If, of course, these two 
jurisdictions are not contiguous. However, In cases where school system boundaries are not 
contiguous with those of a county or municipality, birth Information may be unavailable or 
quite difficult to obtain In addition, where county birth projections are likely to be 
available through nome public agency, e.g., the county department of planning, school 
system projections may not be as readily available or so reliable. If school system births are 
available and forecasts of future births for this jurisdiction have been generated and are 
accessible, they should be used In the calculation of 'birth -survival' rates. If school system 
birth data Is available but forecasts of these births are not, this measure may still be 
appropriate where the planning horizon of the user does not exhaust the historical birth 
data. The choice of the precise measure of births to be used In the calculation of birth- 
survival rates is left to the discretion of the user. 



8.2.1.2 COHORT SURVIVAL PROCEDURES 



The procedures necessaiy for a cohort survival projection are outlined below with references to each variable 
currently used in the computer-based version of the School Facility Planning System. Each variable requires a 
unique row assigned by a '7' card; most also require that historical and/or projected data be entered using a '1' 
card, and that a mathematical or statistical operation be performed on the data using a '6' card. Specifications for 
completing these input cards are contained in Appendix A. 

As curr>ntly defined, thirty-one variables are needed to obtain a projection of school district enrollment, using 
the cohort survival technique. The steps for preparing the input cards necessary to obUin this projection are 
discussed below on a row-by-row basis. 



Row 001: Year. Each year of the historical and planning period is entered on Row 001. In the example this 
period has been selected to cover the years 1965 through 1991. Entries in all subsequent '1' cards used 
throughout the System must correspond to these years. 
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Row 005: Births. A '7 card is used to name the row. Historical and projected births for the smallest jurisdiction 
containing the school district are entered on T cards. If projected births are not available, they can be projected 
by using a 6 card to specify the desired projection method. In the example a logistics curve was chosen with a 
minimum of 5,000 births specified. 
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Row 006: Kindergarten Survival Rate. The values of the survival rate should be calculated manually and entered 
for every year of the historical period. These rates are obtained, using the formula presented in Section 3 211 
Additional instructions for determining the ratios are available in the manual version of the S.F.P.S. User's 
Handbook. If the historic survival rates indicate a trend, they could be extrapolated, using one of the time series 
projection techniques described in Chapter 2. If no clear trend can be seen in the historical data, these values 
could bt averaged and entered on the T cards for each year of the planning period. In the example, the current 
survival rate has been used for each year up to the planning horizon. 
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Row 007: First Grade Survival Rate. See Row 006 Instructions. 
Row 008: Second Grade Survival Rate. See Row 006 Instructions. 
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Row 009: Thinl Grade Survival Rate. See Row 006 Instructions. 
Row 010: Fourth Grade Survival Rate. See Row 006 Instructions. 
Row Oil: Fifth Grade Survival Rate. See Row 006 Instructions. 
Row 012: Sixth Grade Survival Rate. See Row 006 Instructions. 
Row 013: Seventii Grade Survival Rate. See Row 006 Instructions. 
Row 014: Eightii Grade Survival Rate. See Row 006 Instructions. 
Row 015: Ninth Grade Survival Rate. See Row 006 Instructions. 
Row 016: Tenth Grade Survival Rate. See Row 006 Instructions. 
Row 017: Deventh Grade Survival Rate. See Row 006 Instructions. 
Row 018: Twelfth Grade Survival Rate. See Row 006 Instructions. 

Row 019: Kindergarten Enrollments. This row is used to enter the historical kindergarten enrolhnents and to 
calculate future kindergarten enrollments. The historical data, including the current year, is entered on *1' cards. 
Future enrollments are obtained by specifying on a *6' card that births (Row 005) are to be lagged five (5) years 
and multiplied by the kindergarten survival rate (Row 006). 
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Row 020: First Grade Enrolhnents. This row is used to enter the historical first grade enrollments and to project 
future first grade enrollments. Historical enrollments are entered on *1' cards. Future enrollments are obtained by 
specifying on a *6' card that kindergarten enrolhnents (Row 019) lagged one (1) year are multiplied by the first 
grade survival rate (Row 007). 
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Row 021: Second Grade Enrollments. See Row 020 Instructions. 
Row 022: Third Grade Enrollments. See Row 020 Instructions. 
Row 023: Fourth Grade Enrollments. See Row 020 Instructions. 
Row 024: Fifth Grade Enrolhnents- See Row 020 Instructions. 
Row 025: Sixth Grade Enrolhnents. See Row 020 Instructions. 
Row 026: Seventh Grade Enrollments, See Row 020 Instructions. 
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Row 027: Ei^th Grade Enrollments. See Row 020 Instructions. 



Row 028: Ninth Grade Enrollments. See Row 020 Instructions. 

Row 029: l^enth Grade Enrollments. See Row 020 Instructions. 

Row 030: Eleventh Grade Enrollments. See Row 020 Instructions. 

Row 031: Twelfth Grade Enrollments. See Row 020 Instructions. 



Row 032: Total Elementary Enrollment. This row records the sum of the enrollments in all grades categorized 
as elementary grades. A *6' card is used to sum these rows. In the example Rows 019 through 025 are added 
together because the sample district has a K-6 grade organization. 
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Row 033: Total Junior High Enrollment. This row is the sum of the enrollments in all grades assigned to the 
middle or junior high school. A '6' card is used to sum these rows. In the example Rows 026, 027 and 028 are 
summed because the seventh, eighth, and ninth grades are part of the junior high school organization. 
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Row 034: Total Senior High Enrollment. This row is the sum of the enrollments in all grades categorized as 
senior high grades. A *6' card is used to sum these rows. In the example they include the tenth, eleventKand 
twelfth grades. 
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Row 035: Total Enrollment-Cohort Survival. This is the sum of all elementary junior high, and senior high 
enrollments. A '6' card is used to sum these rows. 
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Time Trend 
P^ojectionfi 



General Design 



A frequently used method of projecting total enrollment is simply to extrapolate the past 
trend. Tliis is done by statistically estimating the curve which appears to best fit the 
historical observations. Used in conjunction with sound professional judgement regarding 
future enrollment trends, this technique could represent a useful forecasting tool if the data 
appears to follow a distinct trend. 

This technique requires that the user specify the general shape of the curve which is most 
likely to reflect the expected enrollment trend over the chosen planning period. The 
selection of a particular type of curve is more important in obtaining an accurate enrollment 
forecast than the statistical estimation of that curve. For this reason careful consideration 
should be given to all potentially important factors prior to making this selection. These 
factors would include expected birth rates, migration retentions, dropouts, deaths, public 
versus private school preferences, and future housing patterns. Although not explicitly 
considered, expectations regarding all these factors will influence future patterns of 
enrollment growth or decline and should be subjectively examined before specifying a 
particular curve type. 

The types of curves av.nilable in the basic support system are discussed In Chapter 2. Each of 
the curves represents a different set of assumptions about the likely pattern of future 
enrollment growth or decline. The user should select the most appropriate of these curves, 
but is encouraged to use several different curves in order to examine and evaluate their 
relative impact on the subsequent enrollment forecasts. Prior to the selection of a particular 
curve, the user should carefully graph the historical enrollment data. This procedure will 
assist in the selection process by allowing a visual comparison of previous enrollment 
patterns with any potential future trend. 

Linear Change . The use of a straight line curve implies that the absolute rate of growth or 
decline will continue over the entire planning period. This may be a valid assumption, 
particularly where this rate of change is gradual, the curve does not slope steeply upward or 
downward, or where the planning horizon is relatively short. However, it should be kept in 
mind that in a school district with fixed geographic boundaries, enrollments are unlikely to 
increase or decrease without bounds. It is more likely that, in the case of growth, there is 
some reasonable upper limit beyond which the school district's enrolhnent will not pass. 
This limitation stems from the fact that there is a limit on the amount of land within the 
school district's boundaries which is available or suitable for residential development. A 
similar limit to the ultimate level of decline would be expected to exist. The straight line 
curve will usually be appropriate only in cases where the expected growth over the chosen 
planning horizon does not approach the upper limit of such growth, or where the expected 
decline does not approach the expected lower limit. 

Exponential Change. The use of the exponential curve implies that the same rate of growth 
or decline will continue over the entire planning period. As with the linear curve this 
assumption may be valid if the historical data does not slope steeply upward or downward 
and, more importantly, if the planning horizon is relatively short. Since this curve is based 
on a projection of the rate of change, the increases or decreases in enrollment will be 
exponential in magnitude. This type of curve might be appropriate to use in a rapidly 
developing school district with a great amount of vacant land if development was expected 
to accelerate. 



Logistics Change. A logistics or Gompertz curve is commonly used by demographers in 
forecasting population growth trends. It is based on the assumption that there is some upper 
limit to the ultimate level of population. A similar upper limit is likely to apply to school 
enrollments as well. The pattern of growth exhibited by these curves is one in which the 
school system progresses through a period of rapid growth, but as the enrollment level 
approaches the upper limit to growth, the rate of growth begins to diminish and eventually 
becomes negligible. 

Even where the historical enrollment trend may not appear io fcKlow a logistic growth 
pattern, a logistics or Gompeitz curve may still be applicable- Suppose, for example, that the 
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historical enrollment data follows a pattern such as that shown in Figure 3-1. This growth 
pattern cannot continue unabated over any appreciable period of time. If it did, enrollments 
would reach unreasonably high levels. As the upper limit to enrollment is approached, the 
growth rate wiU begin to slow down, even though the absolute growth may occur beyond 
the chosen planning horizon. In this situation, the S shape of the logistics curve may not be 
evidenced, but it is nonetheless implied for some time period beyond the planning horizon 
selected for examination. A similar situation may occur where the h/storical enrollment data 
follows a pattern such as that shown in Figure 3-2. In this case,^the rate of growth has 
already begun to diminish so that the period of very rapid growth is not in evidence. Again 
the logistics or Goropeitz curve may be used to estimate this growth trend. The lower portion 
of the S curve will be implied even though it has not been exhibited by the available 
historical data. 

ENROLLMENT ENROLLMENT 



TIME 



TIME 



FIGURE 3-1 INCREASING 
RATE OF GROWTH 



FIGURE 3-2 DECREASING 
RATE OF GROWTH 



If a nonlinear growth trend is thought to be the most reflective of historical and expected 
future enrollment levels, an upper limit to enrollment should usually be specified. This upper 
limit should be estimated in light of the amount of undeveloped, but developable, land 
remaining v/ithin the school district boundaries, the likely impact of future birth and death 
rates, the expected age distribution of the population, and so on. Because of the 
uncertainties involved in the specification of such an upper limit, the user is encouraged to 
repeat the procedures, specifying various values for this limit in order to examine the impact 
of changing the assumptions about the future characteristics of the school system. 

The pattern exhibited by a logistics or Gompertz curve may alsO be valid in enrollment 
decline situations. Again, because the decline pattern will not be expected to continue 
indefiniiely, a minimum enrollment limit is often specified. 

Once a specific type of curve has been chosen, the historical total enrolhnent data is used to 
estimate statistically the exact configuration of this curve. The curve which has been thus 
fitted to historical observations is then used to derive future enrollment estimates. The only 
data required is historical total enrollment figures and, depending on the type of curve 
chosen, an estimate of the ultimate maximum or minimum level of total enrollment. 
Specification of these maximum or minimum values requires careful judgement on the part 
of the user. 



3.2.2.2 TIME TREND PROCEDURES 

Only one variable, total enrolhnents, is needed for the time trend projection. An example of the input cards 
necessary for this projection is given below. The historical data should reflect the trend which is to be projected. 
This is especially true in a decline situation. Only those enrollment values which actually show a decline from the 
previous year should be entered as historical data. If enrollment information is unavailable for any historical year, 
estimates should be made for that year which reflect the trend being projected. If data Is used which contains 
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wroes or exhibits an alternating growth and decline pattern from year to year, the projected values will be 
influenced by this Information, and may not accurately reflect the actual enrollment trend. 



T°'"' Em'olJment-Time Series Projection. The historical total enrollment figures are entered on *1' 
cards. The 6 «ard is used to designate a specific curve type. In the example a linear decline curve has been 
Chosen. As reviewed in Cl^apter 2, other curves could have been selected by changing the entry in Column 10 of 
the 6 card. 
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3.2.3 



Tbe Ratio 
Technique 



3,Z3,1 General De^gn 



The ratio technique is a method for projecting local school district enrollments based upon 
projections of the population or enrollment for some larger geographic area. This larger area 
may consist of the county. Standard Metropolitan Statistical Area (SMSA). or even the state 
which contains the local school district and for which there are reliable population or 
enrollment forecasts available. This technique assumes that the relationship between school 
system enroIImenU and the population or enrollment of the larger area will remain constant, 
or thai it will continue to change at the same rate as it has in the past. If this assumption 
appears to be acceptable, then the ratio technique may represent a useful forecasting tool. 

The first step in the ratio method is the selection of an appropriate larger geographic area 
and a suitable measure of trends within this larger area. If both historical data and acceptable 
enrollment forecasts are available for the larger area, they should be used. Reliable 
population projections are acceptable measures and are more likely to be available. The 
principal criterion for the selection of the larger area is the availability and reliability of 
projections. In general the smallpst area containing the school district for which reliable 
projections are available should be used. 

The next step in the ratio method is the calculation of the historical ratio between the local 
school s>-stcm enrollment and the population or enrollment in the larger area. The ratio is 
computed as follows: 



R* 



where is the ratio in year t. is the enrollment level in the school district in year t. and 
is the population or enrollment of the larger area in year t. If no trend Is discernible in 
the calculated historical values, the average of these past ratios can be used for the forecast 
value. If an increasing or decreasing is Indicated by the historical ratios, it could be 
projected using Ohat projection /^-chnirque listed in Chapter 2 which most closely 
approximates the trend. Only those dfcserved rstlos which reflect the trend to be forecast 
should be used In a time trend projection. If a ratio for a historical year cannot be calculated 
or does not reflect the current trend, an estimate of the ratio which does follow the trend 
should be derived and input by the user. 

The rinal step in the ratio method is to multiply the projected ratios Umes the projections of 
the larger area population or enrollment to derive the enrollment for the school district in 
each year of the planning period. 
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3,2.3.2 RATIO TECHNIQUE PROCEDURES 



The procedures necessary for a ratio technique projection are outlined below with references to each variable 
currently used in the computer-based system. Each variable requires a unique row (assigned by a card); 
histcnca or independently derived data can be entered for a variable (using a T card); and mathematical or 
statiftical operations can be performed on the data (using a card). Directions for completing these input cards 
are contained in Appendix A. ^ t, i^iu:> 

M currently defined, only three variables are needed to develop a projection of school district enrollment using 
the ratio technique. The steps for preparing the input cards necessary to obtain this projection are discussed 
Delov;- on a row-by-row basis. 



Row 045: Projection of Larger Geographic Area. The historical and projected population or enrollment values 
for the larger geographic area are entered using cards. Local planning agencies or utilities should be conUcted 
to obtain this information. 




Row 0 ib: /?.7,tio of Enrollment to Larger Geographic Area. The historical ratios between the enrollment in the 
school d! /net and the larger geographic area are entered on T cards. If a trend is exhibited by the calcrilaLcd 
ratios a 6 card can be used to calculate future ratios. The descriptions of the time series extrapolation 
techniques in Chapter 2 should be reviewed before a decision is made as to the appropriate projection method. If 
no cU>ar trend is evident from the historical data, the ratios should be averaged. This average is entered for the 
planning years, using T cards. 
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Row 047: Total Enrollment-Ratio Technique. Total future enrollment in a school district as calculated by the 
ratio technique is obtained by specifying on a '6' card that the projection of the larger geographic area (Row 045) 
IS to be multiplied by the ratio of enrollment to the larger geographic area (Row 046). 
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The dwelling unit multiplier technique may represent a useful alt<?rnative to the three 
previous forecasting t<?chniques. It should be particularly apjjlicable to rapidly growing 
School systems where a large portion of the increase in enrollment has been and is expected 
to be attributable to residential development. This technique r*quires more extensive data 
than do the other techniques and thus may not be feasible for %ome districts. The items for 
which historical data is required are the number of dwelling units by type of unit, and the 
yield factor applicable to these dwelling units, i.e., the average number of public school 
children in each dwelling unit, by dwelling unit type if possible. 

General Design The technique may be applied to all dwellings grouped together, regardless of type, or for 

each specific category of dwelling units within the district. As fine a breakdown as possible 
should be used, with thr deciding factor being the availability of data. In general, separate 
analysis of single and multiple family dwellings will be desirable, because the yield of public 
school children typically varies substantially between these two types. 

Three basic procedures are involved in the estimation of future enrollment levels, using the 
dwelling unit multiplier technique. The first of these is the calculation and projection of 
historical yields for each type of dwelling unit to be examined. Where data is already 
available for these yield factors, it should be used to project future yields. If a trend is 
discernible in the historical values, any of the time trend projections discussed in Chapter 2 
can be used. The one chosen should reflect the trend which is expected to continue 
throughout the planning period. If no trend exi.sts in the historical yield factors, an average 
of these rates or the current rate can be used for the future planning years. 

Where past values of these yield factors are not available, a sampling technique is 
recommended to estimate the rates. A random sample of the students enrolled in each 
historical year should be selected. In small sHiool systems, all students might be included in 
the sample. The sample must include a sufficiently diversified and large percentage, at least 
ten percent, of the total enrollment to insure n valid representation of student residence by 
dwelling type In (he district. The residence type of each student in the sample is then 
Identified by examining the address based on general knowledge of the district or telephone 
and field surveys. After the residence type Is determined, the number of students should be 
summed by residence type. To obtain tbe percentage of students in the sample in each 
residence type, divide the number of students in each residence type by the total number of 
students in the sample. This ratio is then multiplied by total school district enrollment to 
derive the total number of students in the district who lived in that type of residence for 
each historical year. This number is then divided by the total number of that residence type 
in the district for that year to obtain the student yield factor. These calculated yield factors 
must then be projected for each year of the planning period. 

The next step is to calculate amd project the number of dwelling units of each type for each 
year of the historical planning pe riods. Where the boundaries of the school system are not 
contiguous with those of gov^^rnmontal jurisdictions for which dwelling unit count data is 
available, the historical information may be difficult to obtain. The planning department of 
the county or municipality which contains the school district may be able to assist in 
obtaining the information. Though available only every ten years, census data may be a good 
starting point. The addition of housing permit data to this base figure should yield a reliable 
estimate of current dwelling units by type. In some communities adjustments will be 
necessary to account for the demolition of dwellings, and for those structures that were not 
built despite the issuance of a construction permit. Occupancy permits, utility company 
accounts, and aerial photography may provide alternative update sources. To project 
dwelling units, a logistics cur\e is recommended. If it appears that the community's growth 
or decline will reflect an *S' curve, gradual initial growth (declme) followed by accelerated 
change, which in turn tapers off as it approaches an upper (lower) limit, the logistics curve 
should be used. If a reliable projection of dwelling units by type is available from an 
independent source, it could be used instead. 

The final step In the dwelling unit multiplier technique is to derive future enrollments. This 
is done by multiplying the student yic! factor times the projected dwelling units. 
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Unit 

Multiplier 
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3.2.4.2 DWEF>LING QNIT MULTIPLIER PROCEDURES 



The procedu,-es necessary for a dwelling unit multiplier projection are outlined below with references to each 
variable used m the current version of the System. As presently defined, seven variables arc required to obtain 
enrollment based on projections of future single family and multiple family residences. If the user desires a finer 
breakdown of residence types, more variables will be needed; alternatively, if no residential breakdown by type is 
possible or disired, fewer variables will be necessary. It should also be noted that if either student yield factors or 
dwelling unit counts are to be projected, only that data which reflects the expected trend should be used. This is 
especially true in a decline situation. If data is unavailable for any historical year, estimates should be made for 
that year winch follows the trend being projected. The preparation of input cards necessary to obtain the 
project! )n is discussed below on a row-by -row basis. 



Row 050: Total Single Family Dwellings. HistoricaJ clatn .,i> i.he number of single family dwelling units should 
be ente»cd on *r cards. If an independent projectK.ii -f .?u number of units expected during the planning period 
13 available, this data is also entered. If no projection ;9 u;)iial>le and the trend exhibited by the historical data is 
expected to continue during the planning period, a ..m is used to specify the projection technique. In the 
example, a logistics curve is requested with an upper asyii.iaote of 7^00 units. 
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Row 051: Student Yield per Single FamUy Dwelling. TJie historical yield figures are entered on '1' cards. If a 
trend IS observed and expected to continue during the planning period, a '6' card is used to specify the projection 
technique which best resembles this pattern. If no trend is discernible or the trend is not expected to continue, 
the average of Jic historical yields or the current yield, whichever is considered more likely, is entered for the 
planning years on '1' cards. 
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Row 052: Single Family Enrollment. Future single family enrollment is obtained by specifying on a '6' card that 
total single family dwellings (Row 050) be multiplied times the student yield per single family dwelling (Row 
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Row 053: Total Multiple Family Dwellings. This row is similar to Row 050. Replace single family dwellings with 
multiple family dwelling information. 



Row 054: Student Yield per Multiple Family Dwelling. This row is similar to Row 051. Replace single famUy 
yields with multiple family yields. 

Row 055: Multiple Family Enrollment. Future multiple iam > v. Tollment is obtained by specifying on a *6* 
card that total multiple family dwellings (Row 053) b > muitirMod » ^mes the student yield per multiple family 
dwelling (Row 054). 



Row 056: Total Enrollment— Dwelling Unit Method. Tot;;} futur^- enrollment for a school district as calculated 
by the dwelling unit method is obtained by specifying on a *6' card that single family enrollment (Row 052) be 
added to multiple family enrollment (Row 055;. 
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Multiple Four separate techniques have been presented to estimate future total school district 

Forecast enrollment. None of these techniques has been proven clearly superior. It is irorc likely that 

Reconciliation each may be an appropriate method under different sets of conditions. Whenever it is 

unclear which of the techniques is the most valid for a particular school di>trict, it is both 
legitimate and potentially enlightening to use two or more techniques. The resulting 
divergence of forecasts may, in fact, provide more insight into future enrollment trends than 
the specific forecast values themselves. If, for example, forecasts generated from the use of 
two different techniques were very simiJar. as illustrated in Figure 3-3, the user is more likely 
to have confidence in the forecast values. Each technique is based upon a slightly different 
set of assumptions. If both sets lead to the samr conclusions regarding future enrollments, 
then each technique will tend to lend credence to the forecast produced by the other. If, on 
the other hand, forecasts derived from two techniques are quite dissimilar, as shown in 
Figure 3-4, then the user should be alert to the possibility that some invalid assumptions 
may have been made. In such situations, a detailed review of the calculations associated with 
each technique should be made in an attempt to trace the effect of various assumptions and 
perhaps identify the source of the discrepancy. Suppose, for example, that technique A in 
Figure 3-4 was the cohort survival technique, and technique B was a time trend projection 
technique employing a logistic growth curve. Technique B clearly shows a leveling off of the 
rate of growth in enrollments, while technique A demonstrates a constant rate of growth 
over the entire planning period. Two possible sources for this divergence are immediately 
apparent. Either the enrollment level is approaching a peak as residential development 
reaches a saturatioil point, and the cohort survival technique has not adequately accounted 
for this phenomenon, or the eventual maximum limit to enrollment growth has been 
underestimated in executing the logistic time trend projection. Re-evaluation of these 
possibilities may lead to useful insight into the sensitivity of enrolhnents to changes in thesp 
assumptions hj well as the relative validity of the two sets of forecast values. 
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FIGURE 3-3 SIMILAR 
FORECAST RESULTS 




FIGURE 3-4 DISSIMILAR 
FORECAST RESULTS 



In some cases where two or more techniques have been used and where the projections are 
reasonably similar it may be desirable to produce on. set of projections which summarizes 
the trend indicated by each of the techniques. When it is not possible to determine which of 
the forecasts is the most valid, an average of the forecast values might be used to serve as a 
Jp'S.tn^S r^"' "^d. Such an average forecast might be useful in 

reducing he confusion which could result from the presentation of two or more forecasts, 
!h„ m'?L f y represent the most valid forecast available. This averaging technique 

should be used only in cases where the forecasts derivt-d from several techniques are quite 
similar and where there is no set of criteria upon which to evaluate the relative accuracy of 
the individual techniques. ' 

In certain instances, the user may have more confidence in one technique for a certain 
number of years during the planning period, while placing more faith in the results of some 
TrZ. ^^^"T^ remainder. Suppose, for example, that the cohort survival technique 

appeared to be more valid to use in the short run, e.g., one to five years, whereas the ratio 
f.nr^'^ "^'"^ '°"8er range forecasts, e.g., six to ten years. Further 

suppose that projections generated by these two techniques resembled Lines A and B in 
Figure 3-5, respectively. If the cohort survival forecasts were used for the first five years of 
the planning horizon and the ratio method was used for the next five years, a large, discrete 
and unaccountable decline would appear in enrollments in the sixth year as seen in Figure' 
3-6. A method is therefore needed whereby the two forecasts can be linked together. 
ENROLLMENT _ ENROLLMENT 



"a" represents 
the 5th year 
of the planning 
horizon 





TIME 

FIGURE 3-5 FORECASTS 
USING TWO TECHNIQUES 



TIME 



FIGURE 3-6 TWO UNRECONCILED 
FORECASTING TECHNIQUES 



thoui J i ■^^^,^'''"8 two forecasts is as follows: First, the technique which is 
he fflrc. ''^ the first year of 

oPhSoTp continuing up to but not including the year in which some other 

wnmnl " ^PP^-^P^'"'^- I" the above example, the cohort survival technique 

Tori!! d"ive the enrollment forecasts for the first five years of the planning 

horizon. Next the technique believed to be more valid for the remaining year^ of the 

. nnrr/T^.'^r"''^ "''"^ enrolbnent values which were 

generated with the first technique as historical data. Far example, all the forecast values 
shown on Line A in Figure 3-6 would be treated as historical observations and used in the 
forlsL, „3fh ^rV'"^ enrollments during the remaining years. The enrollment 
forecasts over the entire planning horizon might thus appear as in Figure 3-7. 

There should be no difficulties whenever the desired technique for the longer range forecast 
IS the time trend projection method since the only required input data is previous 
enrollments, which will have been forecast by some other technique over the short range. 

Hifn!!... c ' P''^""'^ '^"^ ""8e projection, some 

difficulties will be encountered since the other techr': ,es do not provide the enrollment 
forecasts for each grade. This data is required to calculate the survival rates. It will not be 
possible, herefore, to easily link several techniques when the cohort survival technique is 
r^Jw th^ /""gf range forecasts. This situaUon Is unlikely, however, since the cohort 
survival technique is generally viewed as a short run forecasting tool. 
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a TIME 



FIGURE 3-7 TWO RECONCILED FORECASTING TECHNIQUES 



A different problem develops when the dwelling unit multiplier method is used for making 
the longer range projections. Two essential elements are forecast In the process of executing 
this technique, future dwelling units and yields. While the dwelling unit projection will be 
unaffected by the short run forecasts derived with the use of some other technique, the 
yields associated with the various dwelli;ig types may be altered. As no acceptable method 
for directly modifying these yields is available, the linkage must be handled in a different 
manner. 



The steps of this alternative procedure require first using the technique thought to be 
appropriate in the short run up to, but not including, the year in which the dwelling unit 
multiplier technique becomes more valid. Then forecasts are generated using the dwelling 
unit multiplier method for each year of the planning period. 

Next, subtract the enrollment forecast derived by using the dwelling unit multiplier 
technique from the forecast derived by using the preferred short run technique for the last 
year in which the short run technique was used. The resulting value will act as an adjustment 
factor. Finally, beginning with the first year of the planning period for which the dwelling 
unit multiplier method Is preferred, add the adjustment factor calculated In the previous step 
to the dwelling unit multiplier forecast In each of the remaining years of the planning 
horizon. The results of such an adjustment process might appear as Line A In Figure 3-8. 
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TIME 



B REPRESENTS THE 
ORIGINAL DWELLING UNIT 
MULTIPLIER FORECAST, 
C REPRESENTS THE 
ADJUSTMENT FACTOR. 



FIGURE 3-8 ADJUSTED DWELLING UNIT MULTIPLIER FORECAST 



Determining the precise year of the planning period in which the results of one technique 
become more valid or reliable than another technique Is, of course, arbitrary. The process of 
linking the two techniques may, however, be useful in avoiding confusion or concern which 
might arise from a discrete change In the forecasts from one year to the next, especially 
where the magnitude of the adjustment required is relatively small. 
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3.3 



3.3.1 



Enrollment 
Forecasts 
by Grade 



Genera] Design 



In the current version of the computer-based system no variables (rows) have been set aside 
n?!^WH^ ! ^T-'^^ reconciliation. The procedures for this task wUl depend on the types of 
projection techniques which were used in the initial forecasts. The user can therefore 

ZZZZ^ZT ^""^"^ - '^-'^--^ necessar;rows":^X' 

?K li' P'°"<^"" were presented in Section 3.2 by which the total enrollment level for the 
Ibou^r T ^P'^i"'''^- Total enrollment estimates provide useful information 
about the general magnitude of future facility needs. The specific nature of these needs will 

SiffrenYi^'r- r."';"^ ^ ''•^ ^^e total enrollment a^ong the 

me hod r I! ' "T*"^ of this section is to provid a 

methodology whereby enrollments may be determined for each grade level. 

The recommended procedure is based on the assumption that the estimated total enrollment 
level for any particular year is a more accurate and valid estimate than an estimate for any 
S o ,^''^\'"/*'e same year. All the factors contributing to the uncertain nature of the 
idd HoTi f<"-e<:»ft will also be applicable to the forecasts for a particular grade. 

tfrtt Tf \ n , • ^"''^ enrollment within each grade more than they 

affect total enrollment forecast. For example, the retention rate for all grades taken together 
may remain very stable, even though the retention rates for various grades may fluctuate 
significantly. Therefore, the initial estimates for each grade generated by the following 
deriv"ed"' ^"^^"''"^ enro'""^"' forecast previously 

"^f" u"? '"""^ enrollment forecasts for each grade is the cohort survival or 
grade progression technique. As described in Section 3.2.1, it is based upon the calculat on 

TeL th^'l°2r;f "'^'""'^^ ^ ^""'-''-^^ indicates the fraction, either 

h? nP^ Z f T' °^ ''"•^'"'^ " S'^en grade and school year who 'survive' to 

P„r„n ! f . ! y'"- estimated survival rates are then applied to current 

enrollments to generate estimates of the enrollment in subsequent years. 

^aLSdTS 1'"''h"T"' to "-e relative 

en^S^o f • !r '"""^ enrollment estimate and the estimate of total 

In i f IT , procedure, the latter value actint as a control total. 

An adjustment f.rtor is calculated for each year as follows: 



where a^ is the adjustment factor for year t of the planning horizon, R is the total 

S r;l'rut"rt' ^"'^ 't total enient LcS 

usirfhP hir. • T^"' technique. The'grade specific estimates generated 

TaCted iatr'' '^^'""'"^ '""'"^"^'^ '''^ ^'^i-'-"* ^-^-'o derive 

J^ne^Sl' Zl^°^ ,T ^,!f;P"L^ '° eeographic sub-regions or areas which are 

defined in Section 3.4. In this situation, the toUl enrollment forecast for the region or the 

Zr^°r aui^SS\ T.'^' '"„"^"'""^ ''"^ "'""^^^ ^'^^e. HjU would of 

course, require historical data on enrollments in each grade level. 

This method may simUarly be applied to non-white enrollment forecasts, which are 
InTu^'" """""^'^ "^^^"^ the i^ortrol toS 
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3.3.2 



ENROLUIENT FORECASTS BY GRADE PROCEDURES 



The procedures necessary for obtaining enrollment forecasts by grade from a total enrollment projection are 
outlined btlow with references to each variable currently used in the computer-based system. 

The first step in allocating the total enrollment to specific grades is to perform the cohort survival technique as 
described in Section 3.2.1.2 of this chapter. The cohort survival method should be carried out for each year of 
the planning period for which total enrollment forecasts are available. Upon completion of this procedure the 
user will have initial estimates of future grade enrollments for each year of the planning period. Input cards 
should then be prepared for the eighteen variables which follow. At the completion of these procedures the total 
school district enrollment will be allocated to grades. 



OTfl 



Row 060: Total School District Enrollment. The historical and projected enrollments believed to be the most 
accurate for the district are entered on a '1' card. 
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Row 061: Adjustment Factor. The adjustment factor U obtained by dividing the total enrollment serving as the 
control total (Row 060) by the total enrollment cohort survival (Row 035). 
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Row 062: Kindergarten Enrollment Adjusted. The adjusted kindergarten enrollment is obtained by specifying 
on a '6' card that kindergarten enrollment (Row 019) be multiplied by the adjustment factor (Row 061). 
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Row 063: First Grade Enrollment Adjusted. See Row 062 Instructions. 

Row 064: Second Grade Enrollment Adjusted. See Row 062 Instructions. 

Row 065: Third Grade Enrollment Adjusted. See Row 062 Instructions. 

Row 066: Fourth Grade Enrollment Adjusted. See Row 062 Instructions. 

Row 067: Fifth Grade Enrollment Adjusted. See Row 062 Instructions. 

Row 068: Sixth Grade Enrollment Adjusted. See Row 062 Instructions. 
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Row 069r: Seventh Grade Enrollment Adjusted. See Row 062 Instructions. 
Row 070: Eighth Grade Enrollment Adjusted. See Row 062 Instructions. 
Row 071: Ninth Grade Enrollment Adjusted. See Row 062 Instructions. 
Row 072: Tenth Grade Enrollment Adjusted. See Row 062 Instructions. 
Row 073: Eleventh Grade Enrollment Adjusted. See Row 062 Instructions, 
Row 074: Twelfth Grade Enrollment Adjusted. See Row 062 Instructions. 



: Elementary Enrollment Adjusted. To obtain the total adjusted elementary enrollment, a *6' card is 
um the appropriate grades. In the example, grades kindergarten through six are added together. 
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Row 076: Junior High Enrollment Adjusted. To obtain the total adjusted junior high enrollment, a *6' card is 
used to sum the appropriate grades. In the example, they include grades seven through nine. 
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Row 077: Senior High Enrollment Adjusted. To obtain the total adjusted senior high enrollment, a *6' card is 
aga»n used to add the appropriate grades. In the example, they include grades ten, eleven, and twelve. 
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3.4 



Geographic 
Distribution 
of Enrollment 



The preceding sections have been concerned with the task of forecasting enrollments on a 
district-wide basis. A geographic distribution of future enrollments will be important for 
many school districts, especially where the location of schools to be dosed or constructed is 
of interest. This section is provided to assist in projecting the geographic distribution of 
enrollments. The enrollments for sub-geographic areas within the boundaries of the school 
district are then reconciled with the forecasts made for the district as a whole. 

Two levels of analysis are presented. A method for projecting enrollments for relatively large 
regions within the school system is described in Section 3.4.1. This geographic level of 
analysis may be particularly appropriate for school districts that encompass several distinct 
regions in terms of expected growth patterns, population densities, and other social or 
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demographic characteristics. A second level of analysis is presented in Section 3.4.2 wherein 
the forecast enrollments for either the entire school system or for the larger regions are 
allocated to a number of smaller sub-geographic areas. The allocation process incorporated in 
this analysis is based primarily on the expected number of dwelling units in these small areas. 
The small area forecasts are used as input data to the Geographic Component (Chapter 6). 

3.4.1 Regional Many school districts contain distinct regions characterized by different rates of enrollment 

Forecasts growth or decline. A school district may consist of a densely populated, highly developed 

urban region and a more sparsely populated suburban region in which future growth is 
likely. In such situations, a forecast generated for the school district as a whole would cover 
up differences that could be revealed through a region-by region analysis. 

3,4.1.1 General Sub-geographic area analysis may be especially important where one forecasting technique 

appears to be appropriate for one of the regions, but inappropriate for another. In this case 
the accuracy and validity of the enrollment forecast for the entire school system might be 
enhanced if forecasts were generated independently for each of the regions, using the 
forecasting technique best .suiU»d to the specific characteristics of each region. These regional 
forecasts could then be added together to derive a forecast enrollment level for the total 
school district. In other instances where a forecast generated for the school district as a 
whole appears to be more reliable than the sum of the regional forecasts, the regional 
enrollment forecasts should be adjusted to be consistent with the total system-wide 
projection. 

The specific methodology suggested for the generation of regional forecasts consists simply 
of repeating the procedures outlined in Section 3.2, using data pertaining to a specific region 
rather than the district as a whole. Either of the two approaches identified above may be 
used in an analysis of regional forecasts, depending on the perceived extent of the 
differences between regions. Forecasts for each region may be generated, using the technique 
thought to be the most appropriate, and then added together to derive a forecast for the 
total school district. This method will probably be the most valid approach when the 
differences between regions are quite significant and easily distinguishable. Alternatively, 
regional forecasts may be generated and then adjusted so that their sum is equal to the 
forecast which has been previously made for the school district as a whole. This approach 
will probably be appropriate where the distinction between the regions is less clearly 
defined. The only significant difference between these approaches is one of emphasis. The 
procedures to be followed are identical, with the exception that the latter approach requires 
reconciliation of the regional forecasts with the system-wide forecast. 

3.4.1.2 REGIONAL ANALYSIS PROCEDURES 

The first and probably most important step in the regional analysis is the definition of several large geographic 
sections within the school system based on distinctive characteristics. Most school districts can usually be divided 
into two to four distinct regions. A more detailed breakdown will usually not be worthwhile. 

The techniques presented in Section 3.2 should be reviewed to determine which seems most appropriate for each 
region. The specific procedures associated with the selected techniques should then be used to project regional 
enrollments*. 

3.4.2 Small Area If a more refined level of geographic detail is desired, the system wide or regional enrollment 

Forecasts forecasts may be allocated to a series of smaller geographic areas. The enrollments forecast 

for these small areas could provide valuable insight into future geographic patterns of 
enrollment growth or decline. In addition, these forecasts will provide necessary information 
for the Geographic Component presented in Chapter 6, in which the issues of attendance 
area boundaries and site selection for either school clo.sings or construction are addressed. 

3.4.2.1 General Design The method for estimating future enrollments in small areas is similar to the dwelling unit 

multiplier method as described in Section 3.2.4 of this chapter. A modified dwelling unit 
multiplier approach, in which the yield factors for each type of dwelling remain constant 
over time, is applied to the expected number of units of this type in order to derive an Initial 
enrollment forecast for the area, llie initial forecast for each area is then adjusted so that the 
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enrollment total for all areas is consistent with the enrollment level previously forecast for 
the school district as a whole or for the region which contains the smaller areas. Growth 
wnicn IS attributable to residential development in a particular area is thus explicitly 
considered. Changes in all other variables affecting enrollments, such as the age distribution 
01 uie population or birth rates, are assumed to occur uniformly in each area within the 
ITndorteSn '"'"^ ^^^"^ "° homogeneous regions has been 

Allocating enrollment forecasts to small geographic areas involves seven separate tasks: the 
oivision of the school district or region into smai'er 2?o?!aphic areas, the selection of an 
appropriate number of dwelling unit types for con^i uati.,.., ihe calculation of current yield 
factors in each area for each dwelling type used, t^c s- iteration of dwelling unit forecasts by 
type, the generation of an initial set of enrollment «itimates for each area, the adjustment of 
these estimates, and the determination of grade spi^cific enrollments. 

The number of smaller areas or grids established in the school district is not constrained by 
the mechanics o the procedures. As forecasts for smaller and smaller geographic areas are 
mad however, the validity of the forecasts will decline rapidly. As few areas as possible 
should be defined, while still providing sufficiently detailed forecasU for use in the 
Geographic Component. Since the purpose of the Geographic Component is to allocate 
s udents to schools, the number of areas defined should be greater than the number of 
e ementary schools. The e.xacC number chosen will depend on the size of the district and the 
number of schools it contains. Thirty small areas will usually suffice. However, if the school 
ttlZl H "^'"""^ °' °^ '''^'"''"tary schools is greater than ten, this 

suggested maximum may need to be exceeded to make the geographic analysis useful. 

The shape of the defined areas or grids need not be uniform. TTie availability of data 
necessary for forecasting enrollments for each area is an important consideration in defining 
infn^r.fff'" '^°'"'^'de with geographic divisions for which historic^ 

mformation is available, such as census blocks or enumeration districts, should be used 

nnnlT ".^ru^'"' '"'^'^'''^ encompass approximately equal 

population levels. While equal-sized areas are desirable, if necessity dictates the collaps^ of 

several areas into one, those with lesser densities should be chosen. 

The selection of the types of dwelling units to be considered depends on the composition of 
each individual grid. Some grids may have only single famUy units while others are 
predominantly multiple family. In these cases, the enrollment forecast could be made usine 
only one dwelling unit type. If the grid is composed of a mixture of single family and 
multiple family units, and the student yield factor for each is very different, then enrollment 
should be calculated for each dwelling unit type. 

The next task in allocating enrollment forecasts to grids is the calculation of the current 
student yield factor. This value is obtained by dividing the number of students residing in a 
particular dwelling type by the number of units of that dwelling type in a f rid. If these two 
values are unknown, they can be determined from surveys of the are? , samples, aerial 
photos, and/or municipal or county files. (See Section 3.2.4.1 Dwellin; Unit Multiplier 
Technique General Design for a detailed discussion on calculating student "ield factors from 
^sample survey.) Some users may prefer to use the same yield factors for a 1 grids within the 

The fourth step in this process is the forecast of dwelling units by typ. for each erid 
Dwelling unit forecasts for the entire school district and each region must be available If 
these forecasts do not exist, a nonlinear growth curve with a specifieii maximum Is 
recommended for use in their calculation. The allocation of dwelling units to fcrids should be 
made based on firsthand knowledge of the characteristics of each grid. In areas that are fully 
developed, few new dwellings should be assigned. Probable growth areas will be 
characterized by vacant land which is serviced by utilities, and by older areas where the 
number of units may be Increased by renewal and rehabilitation activity. In the absence of 
other guidelines, the new units should be allocated to grids on the basis of the amount of 
developable land in each grid, and its proximity to developed areas 
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The Initial enrollment estimates for each grid may now be calculated. The current yield 
factor for a specific dwelling type is multiplied by the number of units of that dwelling type 
in each grid to obtain future enrollment levels from that dwelling type for each grid. The 
enrollments by dwelling type are then summed for each grid to obtain future initial 
enrollments by grid. These projections are based on the assumption that the student yield 
factor will remain constant. In actuality this factor will change because of shifts in the birth 
rate, age distribution, public and private school preferences, and a variety of other variables. 

The calculation of an adjustment factor to account for this shift and the subsequent 
recalculation of grid enrollment forecasts constitute the sixth step in small area forecasting. 
The adjustment factor is obtained by summing the individual grid enrollments by region and 
dividing by the enrollment forecast for the region. This adjustment factor is then multiplied 
by the initial grid enrollments to obtain adjusted enrollment projections for each grid. 

The final step in small area forecasting is the disaggregation of grid enrollments to specific 
grade combinations. This is done by calculating the percentage of students expected to be in 
various grade levels (e.g., elementary, junior high, senior high) at the regional or district level 
for each year in the future. These factors are then multiplied by the enrollment in each grid 
to obtain the grade level breakdown needed for the Geographic Component. The percentage 
of students in each grade grouping at the regional or district level can be obtained, if not 
already available, by using the technique explained in Section 3.3, Enrollment Forecasts by 
Grade. 

3.4.2.2 SMALL AREA FORECAST PROCEDURES 

The sample school district presented in the current version of the computer-based system consists of only one 
region and fifteen grids. The user is free to make projections for additional regions and grids by preparing the 
necessary additional rows. 

The necessary steps for preparing the input cards to obtain small area forecasts are discussed below on a 
row-by-row basis. 



Row 080; Region Enrollment. This row contains the historical and projected enrollments for a region containing 
fifteen grids. 
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Row 081: Grid 1— Single Family Dwellings. The historical and projected single family dwellings for Grid 1 are 
entered on '1' cards. 
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u SF Dwellings. To obtain the enrollment from single family dwellings in Grid 1, a 
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mlpT;ami;y^^e";f d"at ' " '° ^^'''^ ^'"^'^ ^^"^ ^'-^"^ ^^^h 

Row OSfi: Grid 1-Enrollment MF Dwellings. To obtain the enrollment from multiple family dwellings in Grid 

I ". .. "P'^' '""'"P'" ^^'""y ^Jwe'lings in Grid 1 (Row 084) times the student yield from 

multiple family dwellings in Grid 1 (Row 085). :>iuuei,i yam irom 

Row 087: Grid 1-Enrollment. To obtain total enrollment in Grid 1, a '6' card is used to add single family 
enrollment (Row 083) to multiple family enrollment (Row 086). ^ ^ 
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Row 088: Grid 2-Single Family Dwellings. See Row 081 Instructions. 
Row 089: Grid 2-Student Yield SF Dwellings. See Row 082 Instructions. 
Row 090: Grid 2-Enrollment SF Dwellings. See Row 083 Instructions. 
Row 091: Grid 2-Multiple FamUy Dwellings. See Row 084 Instructions, 
Row 092: Grid 2-Student Yield MF Dwellings. See Row 085 Instructions. 
Row 093: Grid 2-Enrollment MF Dwellings. See Row 086 Instructions. 
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Row 094: Grid 2-EnroUment. See Row 087 Instructions * 
Row 179: Grid 15.SingIe Family Dwellings. See Row 081 Instructions. 
Row 180: Grid 15-Student Yield SF Dwellings. See Row 082 Instructions. 
Row 181: Gridl5-EnrollmentSFI>weIlings. See Row 083 Instructions. 
Row 182: Grid 15-MultipIe Family Dwellings. See Row 084 Instructions. 
Row 183: Grid IS-Student Yield MF Dwellings. See Row 085 Instructions. 
Row 184: Grid IS-Enrollnient MT Dwellings. See Row 086 Instructions. 
Row 185: Grid 15-Enrollment. See Row 087 Instructions. 

ba7c suD™,?f wT^' ' "'"^ '° '""^ en^o'lments of the first ten grids. It is necessary because the 

basic support system does not permit data from more thai, ten rows to be added together at one time. 
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Trow^^jS Enrollment. This row is used to sum the enrollments in all fifteen grids. The first ten grids 

(Row 186y are added to the remaining five grid enrollments by means of a '6' card. 




Adjustment Factor. To adjust the grid enrollments so they suni to the independenUy derived regional 

r87fhv .'''^^"^""f"' "J "'<^"'=''«^- a -e' card is used to divide the total grid enrollment (Row 

1H7) hy the region enrollment (Row 080), 




♦Note; Not all rows arc listed because of their similarity. 
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Row 189: Grid 1— Enrollment Adjusted. The calculated enrollmpnt for Grid 1 (How 087) is multiplied by the 
adjustment factor (Row 188). 
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Row 190: Grid 2— Enrollment Adjusted. See Row 189 Instructions.^ 
Row 202: Grid 14— Enrollment Adjusted. See Row 189 Instructions. 
Row 203: Grid 15— Enrollment Adjusted. See Row 189 Instructions. 



Row 204: Elementary Enrollment Percent. This row is used to determine the percent of enrollment in the 
school district which wiil be in elementary schools. A *6' card is used to divide elementary enrollment (Row 075) 
by total school district enrollment (Row 060). 
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Row 20.. T?inic, iugh Enuollment Percent. See Row 204 Instructions. 
Row 2:06: Senior Hi^i Enrn>llment Percent. See Row 204 Instructions. 

Row 20 7- Grid /— F^ementiary Enrollment. This row is us^d to detcrriiine the enrollment in the elementary 
granites m v "ud 1. TUe Grid 1 adjusted enrollment (Row 189) is multiplied by the elementary enrollment percent 
{ 204). 
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Row 208: Grid l^Junior High Enrollment. This row is used to determine the enrollment in the junior high 
r^ades in Grid 1. The Grid 1 adjusted enrollment (Row 189) is multiplied by the junior high enrollment percent 
(Row 205). 
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*Note: Not all rows are listed because of their similarity. 
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Row 209: Grid 1— Senior High Enrollment. This row is used to determine the enrollment in the senior high 
grades in Grid 1. The Grid 1 adjusted enrollment (Row 189) is multiplied by Ihe senior high enrollment percent 
(Row 206). 
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Row 210: Grid 2— Elementary Enrollment. See Row 207 Instructions. 
Row 211: Grid 2— Junior High Enrollment. See Row 208 Instructions. 
Row 212: Grid 2— Senior High Enrollment. See Row 2 9 Instructions.* 
Row 219: Grid 15— Elementary Enrollment. See Row 207 Instructions. 
Row 250: Grid 15— Junior High Enrollment. See Row 208 Instructions. 
Row 251: Grid 15— Senior High Enrollment. See Row 209 Instructions. 

3.5 Racial llio expected racial composition of future enrollments may be of interest to many school 

Composition s>'stems in terms of educational needs and racial balance among schools. No unique 

technique has been designed to forecast non-white enrollments in this chapter. Rather, the 
.su{.3ge.su*d approach is to repeat previously described procedures, in each case replacing all 
data pertaining to enrollments with data for non-white enrollments only. The following brief 
discussion is intended to provide some guidance in the use of the various techniques. 

The cohort .survival technique may used to forecast future non-white enrollment levels by 
substituting non-white enrollment by grade whenever enrollment data is needed in the 
procedures de.scribed in Section 3.2.1. If possible, birth data by race should be used in the 
derivation of initial grade enrollments. 

In instances where the racial composition of enrollments is changing very rapidly, the cohort 
survival rates are apt to var\' considerably from one (l.O).These rates may also exhibit a large 
degree of fluctuation over time as the racial composition changes. This possibility renders 
the cohort survival technique less appropriate since the method itself a.ssumes stable rates of 
change. Extreme caution should be used when employing this method. 

The procedures de.*;cribed in Section 3.2.2 for extrapolating past trends may be appropriate 
to use in projecting non-white enrollment levels. The only required data is historical 
non-white enrollment information Again, if a dramatic change has been occurring in racial 
composition, the use of this technique will involve a high degree of uncertainty, especially if 
a linear or straight line curve is used to represent future trends. A nonlinear pattern is more 
likely to yield acceptable results. In .sper lying the upper or lower limit for the non-white 
enroll.Tient level, the user should examine the limit which was specified for total 
enrollments. An estimate of the percentage of this eventual total enrollment limit thought to 
bo non-whit^ could then Ix? used to derive the limiting value to apply when forecasting 
non-white enrollments. It should be cautioned, however, that in some districts, while totaJ 
enrollments may decreasing, non whitc enrollment may be on the rise. Extreme care 
should be exercised when selecting an appropriate curv'e. 



♦Note: Not all rows arc listed because of their similarity. 



3.5.1 Cohort 
Survival 
Technique 



3.5.2 Time Trend 
Projections 
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3.5.3 



Ratio Method 



3.5.4 



3.5.5 



3.5.6 



Dwelling Unit 

Multiplier 

Technique 



Enrollment 
Forecasts 
by Grade 

Geographic 
Distribution 
of Non-White 
Enrollments 



Thp ratio method may also be used to forecast non-white enrollments. The enrollment data 
used should pertain to non-white students only. A stronger relationship might exist between 
non-white enrollments in the local school system and the level of non-white population or 
enrollment for the county, SMSA, or state, than between local non-white enrollment and 
total population or enrollment for the larger area. If forecasts of non-white population or 
enrollments are available for the larger area, they should be used as the appropriate measure 
of future area-wide trends. 

When this technique is used to forecast non-white enrollments, non-white student yields 
should replace total enrollment yields. The dwelling unit inventory and subsequent forecasts 
of this variable would be similar to those used in the generation of forecasts of total 
enrollment levels. 

If the racial composition In the school system has been changing rapidly, caution should bo 
used in the extrapolation of yield factors for non-white enrollments. If these yields have 
increased or decreased significantly in the past, then an extrapolation of this trend may 
result in unrealistically high or low forecast values. 

Forecasts of non-white enrollments in each grade may be generated in exactly the same 
manner as that presented earlier. The enrollment data would, however, encompass only 
non-white students. 

Perhaps the most important planning aspect of future non-white enrollments is their 
geographic distribution. This may be estimated by following the procedures exactly as 
presented in Section 3.4 of this chapter, using non-white rather than total enrollment data. 
The region or area boundary definitions should be identical to those used in predicting the 
distribution of total enrollments. The total enrollment estimates for each region or area may 
be used as a check on the validity of similar estimates generated for non-white students. 

In summary it is quite possible to use the procedures described in previous sections of this 
chapter to derive forecasts of non-white enrollments, thereby drawing inferences regarding 
the likely racial composition of students in the school system. Caution should be used 
because the variance in non-white enrollments may be greater than that of total enrollments, 
thus adding to the degree of uncertainty associated with these forecasts. 



3.6 



Uncertainty 



3.6.1 



The Meastirement 
of Uncertainty 



In the preceding sections, techniques were presented for projecting total enrollment levels, 
enrollments in each grade, and the geographic distribution and racial composition of future 
public school students. Each of thfcse projections will be characterized by uncertainty, the 
nature and extent of which will Vary from one technique to the next, and from one school 
district to another. The objective of this section is to examine approaches for considering 
this uncertainty. The concept of confidence intervals introduced in Chapter 1 is further 
examined as a means of measuring the uncertainty associated with a particular enrollment 
forecast. Beyond this a set.of factors is identified which might cause actual enrollment levels 
to diverge from forecast levels. Procedures for adjusting the forecast values in light of 
expectations regarding these specific factors are suggested as a means of reducing 
uncertainty. 

Confidence intervals or bands may be used to measure the uncertainty associated with a 
particular enrollment forecast. A conOdence interval shows the range of values which might 
be expected to occur for a specified confidence level. Suppose, for example, that the 
confidence band illustrated in Figure 3-9, was estimated for a confidence level of 0.95. The 
user would be ninety-five percent certain that the enrollments in each year would fall within 
the range bracketed by the upper and lower limits shown as Lines A and B respectively. 
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ENROLLMENT 
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TIME 

FIGURE 3-9 SAMPLE CONFIDENCE INTERVAL 



Reliable estimates of such confidence intervals might be used to assist the user in the 
decision-making process. For example, suppose that the estimated earollments in each year 
of the planning period appeared as Line A in Figure 3-10 and that the student capacity was 
represented by Line B. This figure indicates that enrollments would be expected to exceed 
capacity in the sixth year of the planning period. However, because of the uncertainty 
involved in the forecast, this shortage of space might well be encountered at an earlier or 
later date. A confidence interval may be estimated for this forecast, as illustrated in Figure 
3-11. This interval would indicate that there was a possibility within a ninety-five percent 
confidence level that this shortage could occur as early as the fourth year of the planning 
period, and the user could be more than ninety-five percent sure that the shortage would 
exist by at least the ninth year of the planning period. The sixth year would still represent 
the most probable estimate of the shortage; however, the introduction of confidence 
intervals would provide added insight into the flexibility which might be desirable in the 
future facility plan and into the risks associated with various alternatives. 

ENR07.LMENT A 




"a" REPRESENTS THE CURRENT YEAR, 
AND ."b" THE 6th YEAR OF THE 
PLANNING HORIZON. 



FIGURE 3-10 ENROLLMENT FORECAST AND SCHOOL CAPACITY 
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"a" REPRESENTS THE CURRENT YEAR, 
AND 1)" AND "c** REPRESENTS THE 
4th AND THE 9th YEAR OF THE 
PLANNING HORIZON RESPECTIVELY. 



FIGURE 3-11 ENROLLMENT FORECAST WITH CONFIDENCE INTERVAL 
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Cohort 
SurvivaJ 
Technique 



As noted in Chapter 1, several distinct approaches could be used in estimating confidence 
intervals for enrollment forecasts. The statistical approach would involve estimating 
confidence intervals based on variation in the historical data used to derive the forecast 
Itself. The calculations using this approach would, in most cases, be both complex and 
laborious, and the potential additional insight gained would probably not be sufficient to 
offset the additional required effort. A more fundamental objection stems from the fact that 
these confidence intervals would be based almost entirely on historical data and would not 
facilitate the incorporation of expected future conditions in the school system. For these 
reasons, specific procedures are not presented for thr calculation of confidence intervals 
using this approach. 

The alternative subjective approach that is recommended is based upon usor specified 
potential high and low values for certain inputs to the basic forecasting techniques already 
described. These procedures are repeated, using first the high estimates and then the low 
estimates. The resulting forecasts represent the likely upper and lower limits for future 
enrollment trends. Whiie statistically less rigorous, this approach may have more intuitive 
appeal and is likely to make better use of first-hand knowledge concerning the unique 
characteristics of the school district. 

The most difficult aspect of this subjective approach is the specification of high and low 
values for the various inputs. For this reason several values for high and low specifications 
may be used to determine a series of confidenct' ir-tervals. While the validity of the high and 
low estimates will be difficult to test, the assumptions upon which subsequent forecasts are 
based will be available for scrutiny. The impact on the confidence band resulting from 
changes to these high and low specifications will itself be of interest. If the impact of two 
different sets of likely high and low values can be shown to be very slight, for e:;ample, then 
U^e need for extensive debate concen-„ng the precise specification of high and low values will 
nave- oeen eliminated. 

The estimation of confidence intervals using the subjectiv,; approach for each of the 
enrollment forecasting techr:iques outlined in Section 3.2 is brieny described below. 

This technique involves the computetion of a series of survival rates using past enrollment 
date. These past rates are averaged or extrapolated and applied to current enrollments to 
derive forecasts of future enrollment levels for each grade. The initial grade enrollment is 
estimated on the basis of births five or six years previously. The projected grade-survival 
rates and the projected ' rth-si-vival rates may, of rourse, over- or underestimate the actual 
rates which will prevail during the planning period. On the basis cf variations in the previous 
/Hues tor these rates Rnd the user's -verception of future trends, a high and low value for 
each may be specified. For example, if the avei-age survival rste for students progressing from 
live 3>xth to tne seventh grade was equal to l.Oi. the most probafal;^ forecast would be 
derived using this value. If the user bt^ieved that each of the survival rates could conceivably 
be ter percent higher o: lower, the hijh and low survival rates would be specified as 1 155 
(I.e., 1.05 X 1.10) and .945 (i.e., 1.05 x U.P<1) respectively. These values would represent the 
users best percephon as to the reasonable maxunum and miniirum values which the survival 
rates could take. In other words, it would be thought quite unlikely that future values for 
this survival rate would be greater than i.l55 or less tJran 0.945. 

The procedures of the cv;Iiort survival technique should be repeated twice, first using iikely 
maximum survival raf.es and then likely mtaim^im survivM rates. The resulting two additional 
sets of forecasts will nspresent a confidence band for future enrollments as illustrated m 
Figure 3-12. 
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A RE.?RESENTS THE MOST 
PROBABLE ESTIMATE, AND 
H AND L THE LIKELY HIGH 
AND LOW ESTIMATES 
RESPECnVELY. 
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FIGURE 3-12 CONFIDENCE INT^VALS -COHORT SURVIVAL 
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ENROLLMENT 




A AND B REPRESENT THE 
LIKELY HIGH AND LOW 
VALUES FOR THE MAXIMUM 
ENROLLMENT LEVEL. 



TIME 

FIGURE 3-13 CONFIDENCE INTERVALS-LOGISTICS GROWTH CURVI- 



3.6.1.2 Hme Trend Confidence intervals for logistics and Gompertz curves be derived by specifying high and 

Projections low estimates of the eventual maximum or minimum enrollment level. This curve would 

then be estimated, using first the high and then the likely low values for this maximum. The 
resulting sets of forecasts would represent the limits for the confidence band for future 
enrollments. Typical confidence bands thus derived are illustrated in Figure 3-13 and Figure 
3-14. 
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A AND B REPRESENT THE 
LIKELY HIGH AND LOW 
VALUES FOR THE MINIMUM 
ENROLLMENT LEVEL 
RESPECTIVELY. 



TIME 

FIGURE 3-14 CONFIDENCE INTERVALS-LOGISTICS DECLINE CURVE 
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These likely high and low values may be estimated by making different assumptions 
regarding future (densities, zoning patterns, birth rates, and other factors influencing 
development. Am anafagous procedure is not available for linear or exponential curves. 

Confidence intervals may be derived for enrollment estimates using the ratio method by 
making assumptions^ ;ubout the potential high and low value for the larger area population or 
enrollment forecasts, and/or the ratio itself. High and low estimates for the larger area may 
already be available. If not, the user is encouraged to experiment with several sets of such 
values that seem reasonable. Initial high and low specifications for the ratio will be more 
difficult to determine since this ratio is not linked to any single measure of local or regional 
conditions. The procedures of the ratio method may be reiterated, using these high and low 
estimates for future large area forecasts and for the ratios. The resulting forecasts will 
represent the limits of the confidence band. 

Confidence intervals for enrollment estimates using the dwelling unit multiplier method ma^' 
be generated by specifying high and low assumed values for the eventual maximum number 
of dwelling units as well as the projected student yields. The high and low estimates for the 
number of dwellings of each type may be obtained by considering the impact of alternative 
local economic conditions, and local government development policies. Likely maximum 
and minimum values for the yield factors may be estimated by using different assumptions 
about the future age distribution of the population and/or birth rates. Tile set of high 
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estimates can be used to derive the upper boundary of the confidence band, and the set of 
low estimates used to generate the lower limit by reiterating the forecasting procedures. 



The most difficult task in the estimation of confidence intervals using this approach wil! be 
specifying realistic and appropriate high and low values. All available previous data should be 
carefully examined. In addition assistance might be sought from sources such as a local or 
regional department of planning or bureau of vital statistics. 

The validity of these confidence intervals will be dependent upon the quality of the high and 
low values used. The use of a subjective approach in determining these values presents an 
opportunity for the integration of sound professional judgement with explicit statistical 
forecasting procedures. 

3.6.2 Forecast It may be possible to further reduce forecasting uncertainty by examining several contingent 

Adjustments trends in factors not explicitly dealt with in the projection techniques. Each of the 

previously discussed enrollment forecasting techniques is based upon a specific set of 
assumptions. The procedures themselves merely translate past data into forecast values on 
the basis of these assumptions. Certain events whicli may not be accounted for in the 
mechanics of the forecasting technique will significantly impact future enrollment patterns. 
A list of such phenomena is presented below. This list should be carefully examined to 
determine which, if any, of the potential situations might be of importance in a particular 
school district. In those instances where the events have not been adequately incorporated 
into the technique used to derive the initial enrollment forecasts, an adjustment should be 
made. For example, suppose that a relatively large trailer court was expected to be 
developed at some point in the future. If no significant trailer court development activity 
had occurred in the past, then none of the forecasting techniques would be expected to pick 
up the discrete increase in enrollments which might result. The number of additional public 
school students attributable to this future complex should, therefore, be independently 
estimated. The previously developed enrollment forecast would then be adjusted by adding 
the estimated trailer court enrollments to it. 

This adjustment process may be performed at any level of detail as long as it is possible to 
identify the additional students by geographic location, age, race, or any combination 
thereof. 

it should be emphasized that enrollment adjustments for a particular phenomenon or unique 
event should be made only if it was d'jarly not considered by the previously used forecasting 
technique. Careful thought must be given to precisely which phenomena have and have not 
been addressed. If the user believes that the future trend in one or more of the factors 
considered in the original forecasting technique will significantly differ from the historical 
trend, an adjustment to the initial forecast may be appropriate. For example, suppose that 
the trend in public versus private school preferences among families residing within the 
district resembled the curve shown in Figure 3-15. 



PERCENT OF 
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**a" REPRESENTS 
THE CURRENT 
TIME PERIOD 



"a" TIME 

FIGURE 3-15 ADJUSTMENTS DUE TO CHANGE IN TRENDS 
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If this trend was expected to continue as illustrated by dotted Line A, then explicit 
consideration need not be given to this factor as its effect on public school enrollments 
would be implicitly incorporated into each of the forecasting techniques. If, on the other 
hand, this trend was expected to shift dramatically so that the pattern resembled dolled 
Line B, an adjustment would be necessary. Thus, whenever an abrupt change in the trend of 
any factor influencing public school enrollments is expected, the magnitude of this change 
should be evaluated and an adjustment to the basic forecast considered. 

A second type of potential change that might not be incorporated into the forecasting 
techniques would be a unique, discrete alteration in some factor influencing public school 
enrollments. For example, suppose that the past trend exhibited in public versus private 
school preferences appeared as in Figure 3-16. Again, if the trend was expected to continue 
relatively unaltered, as shown by dotted Line A, no adjustment would be necessarj'. If, 
however, the user, possibly through personal conUct with local private school officials' 
expected a major discrete change in this preference, then the future pattern might appear as 
Line B. This phenomenon could occur as the result of the closing of one or more private or 
parochial schools. An adjustment to the public school enrollment forecasts would then be 
called for in each year of the planning period, beginning with the year in which the discrete 
change was expected. 
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FIGURE 3-16 ADJUSTMENTS DUE TO UNIQUE EVENTS 



The following list briefly describes some of the changes which may warrant forecast 
adjustments. Additional considerations are presented In Chapter 8. 

Public versus private school preferences. A change in private school demand may be brought 
about by a shift in the religious composition of the population or may result from a change 
in the availability of nearby private or parochial schools. A review of private school trends 
should focus on the entire region, as private and parochial school trends in surrounding 
school districts may impact the local public school system enrollments. Particular attention 
should be devoted to the possibility of major private school closings or openings. 

Residential development . An adjustment might be appropriate if a very large subdivision or 
apartment complex was scheduled for construction or demolition at some point over the 
planning period. Similarly a significant change in the number of families residing in trailers 
or mobile homes could also rapidly alter future public school enrolhnents. In all cases these 
proposed complexes should represent a distinct departure from existing trends. Where the 
proposed development appeared to be a continuation of existing patterns, it might already 
be accounted for in the basic forecasting technique. 

Birth trends. The abrupt alteration of birth rates which occurred In the 1960's significantly 
affected enrollments in many school districts. Birth rate forecasts should be reviewed at the 
national, state, or local level to examine recent and expected local birth trends. 

Migration trends. Fundamental causes of Inter- and intn-regional migration should be 
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reviewed in an effort to detect the possibility of a distinct shift in migration trends. An 
abrupt change in the regional economy could influence migration into or out of the 
metropolitan area. A major road, utility extention, or commercial development could 
influence migration from one school district to another within a metropolitan area. 
Indications regarding the likelihood of a disruption in historical migration patterns may 
necessitate an enrollment adjustment. 

Age distribution^ The age distribution of families residing within the boundaries of the local 
public school system will significantly affect enrollment levels. In many neighborhoods, 
families tend to remain at the same residence after their children have gone through the 
school system. As these families reach retirement age^ they are more likely to leave the 
district, vacating homes which may be reoccupied by younger families with school age 
children. In cases such as new suburban communities where a large number of persons 
moved into the district during the same time period, many are also likely to move at roughly 
the same time. A dramatic and rapid change in the average age of the school district's 
population and hence enrollments could occur. Where this 'cycling' effect is expected, an 
adjustment of future enrollment estimates may be necessary. A careful examination of any 
available data reflecting the age of residents within the school system will assist in 
identifying the potential for such rapid neighborhood turn-over and the likely magnitude of 
its consequences. 

An nexation /Mergers. The annexation of additional land by the school system will, of 
course, affect future enrollment. Since this one-time event would not be included in any 
historical data, its potential effect on enrollments must be independently estimated and 
added to the basic forecasts which have been derived. Also, when several school systems are 
combined into one, enrollment forecasts for each of the school systems would need to be 
calculated separately, and then added together. 

Institutional changes. A major change in the disposition of a military base or other federal 
installation may occur very suddenly, often with significant impact on the surrounding 
community. The closing or opening of a major industrial plant, university, or other large 
scale employment center would have a similar effect. Knowledge of this kind of major 
community impact will necessitate adjusting the enrollment forecasts. 

The above list is not inclusive, but is intended to suggest the types of phenomena which 
should be considered, and if relevant, adjusted for in the enrollment forecasts. Where it is 
believed probable that a major shift in trends or a unique event has not been accounted for 
by the forecasting technique, the user should attempt to estimate the magnitude of shifts 
and adjust the initial forecast accordingly. If used with discretion, this adjustment should 
increase the validity of the enrollment forecasts. Blind adherence to a set of forecast values 
simply because they have been statistically derived should be avoided. An initial forecast 
developed with any of the above techniques should be viewed as a base line from which to 
deviate when warranted by the user's judgement and knowledge of the school district. The 
accuracy and validity of the enrollment forecasting techniques will, in the final analysis, 
depend largely on the skill and diligence with which they are applied. 
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Chapter 4: Facility 

Component 

The objective of this component is to examine the impact of expected enrollment levels on 
future facility needs. These expected facility requirements are then compared to the school 
district's existing facilities in order to identify any potential future shortage or surplus of 
educational space. 



4.1 



Overview 



The Facility Component establishes the link between future enrollment forecasts and the 
development of capital planning strategies. Enrollment forecasts have been generated by the 
previous component or have been derived independently. The procedures in this component 
will assist in the translation of enrollment forecasts into estimates of the number of teaching 
stations or the amount of square footage necessary to accommodate these expected 
enrollments. Comparison of the projected space requirements with existing or planned 
school buildings will indicate the dimensions of the planning problem. With this information 
alternative strategies may be formulated for resolving any serious excess or deficit space 
situations. The Fiscal Component described in the next chapter translates the needs and 
strategies into fmancial terms. Once planning strategies are identified, they may be "tested" 
by entering the district's proposed standards, policies, and/or structural modifications into 
the appropriate parts of the System and examining the facility, fiscal, and geographic 
implications. 

The estimated number of teaching stations or the amount of square footage Implied by a 
given enrollment projection Is highly dependent upon the educational programs and policies 
unique to each school district. This uniqueness Is incorporated into the Facility Component 
by allowing the user to specify values for all critical standards and policies which Impact 
future facility demand. 
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Considerable flexibility is permitted throughout the component. The procedures may be 
executed on a district-wide basis, an individual school basis, or on a subject area or 
educational space type basis, depending on the needs of the user. 

The user is encouraged to repeat the component procedures in order to examine the impact 
of modified standards and policies. The use of several enrollment forecasts will also enable 
greater understanding regarding the extent to which future facility needs ate sensitive to 
alternative community trends. 

The balance of this chapter briefly outlines the technique used in the translation of 
enrollment forecasts into facility needs and examines the assumptions underlying this 
technique. This is followed by step-by-step procedures for preparing the necessary input 
forms for entry into the System. 



The technique employed in this component translates expected student enrollments into 
required teaching stations or rooms. The room requirement is then compared to the number 
of available rooms to determine the expected shortage or surplus of educational space. This 
shortage or surplus may then be translated into square footage. The System can be redefined 
so that all measurements of space are made directly in square feet, rather than teaching 
stations. This approach is presented in Appendix E. 

Analysis is made for separate subject areas which may be defined by the user as broadly or as 
narrowly as desired. For example, all courses may be grouped into one subject area, or each 
course may be designated a subject area and examined separately. In general, all courses that 
have the same type of space requirements (e.g., regular rooms, large rooms, laboratop'^'', 
etc.) may be grouped into one subject area. The technique used to translate expected 
student enrollments into the needed number of teaching stations Is summarized by the 
following mathematical formula: 



The variables used in this expression are defined as follows: 



TS — the number of teaching stations required to house the expected student 

enrollment in a subject area 

N — the total subject area eiirolliment 

W - the average ftutmber of periods per course in this subject area each student attends 
in a typical week 

A — the average numbe/ ot pupils per class 

P — the number of periods per week that school is in session 

U — the desired maximum utilization factor (i.e., the average percent of educational 
space which is occupied at any given time in a typical school day) 

This formula represents a modification of techniques developed by Professors Marion 
Conrad and Basil Castaldi. Users will note that it is also a slight modification of the 
formulation presented in the manual version of the School Facility Planning System. The 
number of students enrolled in a specific study area (N) times the average number of periods 
the courses in this subject area meet per week (W) is the numerator of the equation. It is the 
number of student periods per week. To convert this factor into the required number of 
teaching stations, N x W is divided by A x P x U. Dividing the student periods by the average 
class size (A) reduces student periods per week to the number of class periods per week 
required to accommodate the expected subject area enrolbnent. Dividing the number of class 
periods per week by the periods per week (P) that school Is in session estimates the number 
of rooms or teaching stations necessary to house these classes. This estimate of required 
rooms is based on the assumption that class scheduling can be arranged so that all 
educational space is occupied in eadi period throughout the week. In practice such 
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scheduling is not always possible or desirable. A utilization factor (U) is incorporated into 
the equation to maintain a level of flexibility. Theoretically, this rate may range from zero 
to one. Depending on the grade level organization or the unique features of a particular 
school the utiUzation factor will probably vary from .80 to .95. Dividing the estimate of 
required rooms by a utilization factor of less than one increases the number of rooms 
needed^ thereby enabling space flexibility within the school system. The equation can be 
illustrated with an example as follows: 



NxW 
TS - 



AxPxU 



NxW - student periods per week in a given subject area 
1500x4.5 - 6750 

NxW 

" class periods per week 

A 

6750 

- 270 

25 



NxW 
AxP 
270 
30 

NxW 

AxPxU 

9 
.95 



estimated teaching stations per week 



number of required teaching stations 



9.5 or 10 (rounded) 



A change in the values of any of the variables in the equation will significantly impact the 
resulting number of required teaching stations, Each change wiU affect the district's 
educational program since each variable is based on a district policy or standard. The user is 
encouraged to experiment with alternative values but should keep in mind the impact that 
such changes may have on the educational program. 

The available teaching stations that are considered adequate must then be subtracted from 
the required number of teaching stations. The magnitude and direction of this difference will 
aid the district in analyzing its ability to accommodate expected future enrollments while 
maintaining acceptable standards and policies. The shortage or excess of the number of 
teaching stations may be multiplied by a square footage average supplied by the user. This 
option is available for those districts who desire an estimate of the total area in surplus or 
deficit. 
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The equation is structured so that need may be calculated on a number of different levels of 
detail. The level of analysis should be varied according to the needs and resources of the 
school district. Space requirements can be calculated on the basis of the entire school 
district; for ail elementary, junior high, and senior high grades; or for each school within the 
district. The use of the estimates should, of course, be kept in mind in selecting the focus of 
analysis. Since the Component is intended to identify the nature and magnitude of future 
facility needs, the level of analysis and the selection of subject areas should generally be 
confined to those which reflect actual physical differences in educational space 
requirements. Six potential subject areas have been established in the elementary school 
section of the Facility Component. Twenty such areas have been set up In the junior high 
and In the senior high sections of the Component. These subject areaR are optional. As many 
or as few subject areas may be used as needed. 

Some districts may want to calculate the required number of teachers necessary to serve the 
projected enrollment. This is especially important if this figure is to be used in forecasting 
future district operating expenses in the Fiscal Component. The approach taken in the 
computer version of the School Facility Planning System is to divide the number of class 
periods per week needed to accommodate the expected enrollment by the average number 
of periods a teacher is available to teach in a week. Required teachers are calculated for each 
level of analysis studied in the Facility Component. The need of each level or subject area is 
then summed to obtain a district total. 



FACILITY COMPONENT PROCEDURES 

The procedures necessary to determine the space requirements for one or more subject areas are outlined below 
with references to each variable currently in the computer-based System. 

The user will recall from Appendix A that each variable requires a unique row, assigned by a *r card; that 
historical or independently derived data may be entered for a variable, using a card; and that mathematical or 
statistical operations can be performed on that data, using a *6' card. The specifications for completing these 
input cards are contained in Appendix A as are the additional cards necessary to modify the System's report 
format and projection time period. Familiarity with these latter cards may not be necessary for those users 
satisfied v/ith the current version of the System. 

Before initiating the basic data collection and input card preparation, some preliminary decisions must be made 
regarding the time frame, focus, and measures of capacity to hv used in the procedures. 

1. Planning Period. The first of these considerations is the i:«lection of an appropriate time horizon. Capital 
planning is essentially a long-range activity. However, eny analysis of future conditions will become 
increasingly uncertain as later years are examined. Those school districts that have conducted the 
Enrollment Component will have already evaluated the trade-offs between the need for an adequately long 
planning period and the increasing level of uncertainty. Those that have not yet established a time horizon 
must attempt to arrive at some reasonable balance between these two conflicting considerations. The current 
procedures allow projections up to and including 1991. Any users desiring a longer or shorter time frame 
may want to modify the *X' card, as described in Appendix A. 

^- School and Subject Focus. A second, closely related issue is that of the appropriate level of detail at which 
to conduct the analysis. The longer the planning horizon is extended, the less reliable will be the detailed 
analysis. Individual course enrollments are likely to vary considerably in response to long-term social, legal, 
and nconomic trends. Therefore, in very long-range planning situations, many districts will want to focus on 
district-wide requirements. Where a shorter time frame is used. Individual school and course enrollment 
forecasts may be more useful. Experimentation with different levels of analysis is encouraged. 

The computer-based version may be conducted on a district-wide or individual school basis. As cunently 
organized, up to six different subject areas may be identifled for elementary school analysis, and twenty 
diffei-ent subject areas for middle-junior and senior high school. 

3. Measure of Space. A third consideraUon is that of the appropriate deflnltions for teaching stations and 
square footage. The district should use those deflnitions with which It is most familiar. The current 
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computer-based version is oriented to those districU willing to define space in terms of different kinds of 
rooms or teaching stations, and then translate the required teaching stations into square footage, based on an 
averag... room or teaching station size. Those users desiring to calculate need strictly in terms of square feet 
per pupil will have to modify the program as listed in Appendix E. In all cases the definitions should be 
written and agreed upon by all members involved in the study. 

£ ' . ^'"P"taty School Space Analysis. . As currently df>fined. forty six potential variables have been identified 
nore^.Tr of analyzinK the need for elementary school .space. The steps for preparing the input cards 
necessary to conduct the analysis are reviewed below on a row-by-row basis. 

Jr!?,? L^""' Z1. '"^'''^ '° be entered and the years for which 

u^d ttEr ''•'^^"• .^If "'^'^"7"' of System, the Facility and Enrollment Components 

subs^^utnt h .7°'' Tu P'^-P"-''- " n>membered that all data entered for 

^^rnZTJrl T t'r'T''^ '° ^'■"^^ ^" ""^ historical data is not available for a 

given >ear. zeroes should be entered in the appropriate columns. 

UTi'T- Enrollment. The historical and projected enrollment for the soool or district being 

^?o^ r r "•'^"'"'■'^ 'he Enrollment Componeh. or an independent 

projoctioiu These figures will be used to determine subject area loadings for future years. The 'T card labels the 
row and the 1 cards are u.^ti to input the data. In situations where the Enrollment and Facility Component are 
rJw ni9 nvr If ^ t-liminated. In the example, the '6' card for Row 301 would then refer to 

Kow UJiJ or 07 o. whichever was considered the best forecast. 




Row 301: Elementary Subject Enrollment. Historical data for total subject enrollments is entered for all the 
subject areas under consideration. This row is optional, as are the equivalent rows for junior high school (Row 
39-1 and senior h.Rh school (Row 541). Its purpose is to help ensure that subject-area forecasts are not distorted 
.iJnn, Z ^r'"'^'- "P""'""^' " ''"bstantial percentage of the students are. in effect, part-time 

students because of work-study or similar programs. If the variable is not used, subject area enrollment 
projechons should be made directly as a function of total enrollment forecasts. 

Note that the total subject area enrollments will' be larger than the school enrollment by a factor rouehlv 

D?r"ioT"o r d ?h '"^T ^'"'^^"'^ ' high school attended clas-sef si'x 

period? per da>. the total subject area enrollment would be 4.800. The method specified in the example is a 

ri^T' 7f /-p'"^' '•'^'•n'^O- enrollment. The description of the 'S' card in Appendix A should be 
reuewrd for other possible projection methods. 




Row 302: Subject Area-l Enrollment. Up to s,x distinct subject area categories can be analyzed on the 
elementary level. A subject area can consist of any combination of courses providing that similar space 
rniuirements and student per class standards apply. For example, if Course A had 400 students. Course B had 

l!eV P„'!S'n,'r„t Z ^0*"^-^? V'^u""''" '""^ ^'"^ '"'"P*'^ '"'^ Subject Area-l, then the cuirent Subject 
Area-l enrollment would be 7o0. In the elementary school situation many users may be w.tisfied to group all 



ERIC 



69 



61 



courses togeihcr, in which case Subject Arca-l will be the same as the previous row. However, if it is desired that 
music and ait, for example, be separated from other school activity because of their different r;pace requirements, 
more than one subject area category will be necessary. 

The fufure subject area enrollments must be projected. In the example, simple regression on Elementary Subject 
Knrolln:ent is suggostcd. Other users may want to make the projection as a ratio of elementary subject enrollment 
bast>d on historical patterns and knowledge or judgement regarding future subject area participation. Alternative 
approaches for projecting subject area enrolf :^nent are discussed in Appendix E. 




How 3C3: Subject Area-2 Enrollment. See Row 302 Instructions. 
Row 3C 1: Subject Area-3 Enrollment. See Row 302 Instructions. 
Row 3C5: Subject Area-I FTirollment. See Row 302 Instructions. 
Row 3C6: Subject Area-5 Enrollment. See Row 302 Instructions. 
Row 3C7: Subject Area-6 Enrollment. See Row 302 Instructions. 

Row 308: Sum of Rows 302-307. This row is nea»ssar\- only if the elementary subject enrollment has been 
broken mto a number of subject areas. Hi.storical data will be the same as ihat in Row 301. In the example only 
four of the six possible subject areas have been used. 
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Row 310: Subject Area-1 Enrollment (ADJ). Since each subject area enrollment is projected independent'./, the 
sum of the enrollments may not equal the total projected subject enrollment. The adjustment necessary to 
achieve (his equality is made by dividing the subject area enrollment by the sum of the subject area enrollments. 
The product is then multiplied times the elementary subject enrollment. 
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Row 311: Subj«ct Area-2 Enrollment (ADJ). See Row 310 Instructions. 
Row 312: Subject Arca-3 Enrollment (ADJ). See Row 310 Instructions. 
Row 313: Subject Area-4 Enrollment (ADJ). See Row 310 Instructions. 
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Row 314: Subject Area.5 Enrollment (ADJ). Sep Row 310 Instructions. 
Row 315: Subject Area-6 Enrollment (ADJ). See Row 310 Instructions. 

arero?roill"^/f ^""} ^''^ ^"l"'^' '^''^^'at^d by multiplying the adjusted subject 

weoV in H h T ' ''^ "^'"^ "^"^e*' °f P"i°ds per course per 

1 M ^"^k"'"'' '^.""^"'^ "'^ "'""2' °^ A • See Section 4.2 for a more detailed discussfon 

of these variables. This quotient should be carried to at least three decimal places. 

This factor will change whenever an alternative average class size or average number of periods per course per 
rirfi ™"f"'"'''^- f""^ example, if the average number of periods per course per week is five for a subject area 
entitled academic, and the average class size is twenty five, then the factor will be 5 -i- 25 - 200. If the user 
Tl on o'rT'fr ""^ °^ "^educing the class size to twenty, the factor would be changed to 

a ■ -iO - .250. If the introduction of new electivts meeting only two or three times per week caused the 
average number of course periods each week in the subject area to drop, the factor might be changed to 
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Row 3-1: Subject Area-1 Required Rooms. This variable is calculated bv dividing class periods per we^.-k by a 
factor supplied by the user. This factor is equal to the number of periods per week school is in session times the 
utilization factor, or P x U. See St-ction ■5.2 for a more detailed discussion of these variables. 

This factor will change whenever an altornative number of periods per day or days per week is considered, and 
when r.n alternative utilization rate is considered. For example, if the district meets thirty neriods per week (five 
days t-mes six periods per day) and a .9 utilization rate is desired, the factor will be 30 x .9 - 27. If the user 

Tr:"'^'oa -r'^'^'""'"' "^'^^^ ^"'"'''^ ^^'"^ '^"^ " utilization rate of .85. then the new factor would be 35 x 
.H5 - 2J./5. If all students in a given subject area were in a work-study program and nence not available durine 
the last two periods of a six period day. then the new factor might be 20 x .85 - 17. 




\3m 



Row 32.: Subject Area-l Available Rooms. Historical data on the number of adequate rooms available for the 
subject area should be entered for all historical years. If data is unavailable for anv year, a zero should be entered 
into that /leld. The expected numoer of available rooms should be entered for evory year of the planning period 
Tnus. :i new space is being constructed or existing space is being closed, number of available rooms for the 
subject area should be modified to reOect tlusc changes in the appropriate years. 
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Row 323: Subject .\rea.l Rooms Short or Excess. This variable is obtained by subtracuri/r (he required number 
of rooms from the available rooms for the subject area. 
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How 3^\: Square footage Short or Kxcess. This variable is obtained by multiplying the number of rooms short 
or excess m the subject area by a standard room size for this subject area. In the example the sUndard room size 
IS 550 square feet. This figure must be estimated by the user for each of the subject areas under study 
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How Subject Area-l Teachers Required. The number of teachers required for the subject area is calculated 
by dividing the projected class periods per week by the number of periods per week a teacher is available to teach. 
In the cxumple teachers must teach five out ot ever>' six periods per day, or twenty five periods per week. 
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Row 326: Subject Area-? Class Periods per Week. See Row 320 Instructions. 
Row 327: Subject Area.2 Required Rooms. See Row 321 Instructions. 
Row 328: Subject Area-Availabir Rooms. See Row 322 Instructions. 
Row 329: Subject Area.2 Rooms Short or Excess. See Row 323 Instructions, 
Row 330: Square Footage Short or Excess, See Kow 324 Instructions, 
Row 331: Subject Area.2 Teachers Required, See Row 325 Instructions. 
Row 332: Subject Area.3 Class Periods per Week, See Row 320 Instructions. 
Row 333: Subject Area-3 Required Rooms. See Row 321 Instructions. 
Row 331: Subject Area.3 Available Rooms. See Row 322 Instructions. 
Row 335: Subject Arca^3 Rooms Short or Excess. See Row 323 Instructions. 
Row 336: Square Footage Short or Excess, See Row 324 Instructions. 
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Row 337: Subject Area^ Teachers Required. See Row 325 Instructions. 

Row 338: Subject Area-iaass Periods per Week. See Row 320 Instructions. 

Row 339: Subject Area4 Required Rooms. See Row 321 Instructions. 

Row 340: Subject Area-i Available Rooms. See Row 322 Instructions. 

Row 341: Subject Area-I Rooms Sliort or Excess. See Row 323 Instructions. 

Row 342: Square Footage Siiort or Excess. See Row 324 Instructions. 

Row 343: Subject Area-4 Teachers Required. See Row 325 Instructions. 

Row 344: Subject Area-S Class Periods per Weelc. See Row 320 Instructions. 

Row 345: Subject Area-S Required Rooms. See Row 321 Instructions. 

Row 346: Subject Area-S Available Rooms. See Row 322 Instructions. 

Row 347: Subject Area-S Rooms Short or Excess. See Row 323 Instructions. 
Row 343: Square Footage Short or Excess. See Row 324 Instructions. 
Row 349: Subject Area-S Teachers Required. See Row 325 Instructions. 
Row 350: Subject .\rea.6 Class Periods per Week. See Row 320 Instructions. 
Row 351: Subject Area.6 Required Rooms. See Row 321 Instructions. 
Row 352: Subject Area.6 Available Rooms. See Row 322 Instructions. 
Row 353: Subject Area-6 Rooms Short or Excess. See Row 323 Instructions. 
Row 354: Square Footage Short or Excess. See Row 324 Instructions. 
Row 355: Subject Area-6 Teachers Required. See Row 325 Instructions. 

iTecT^t' 'tTl ^Z'^'^T' "^'"^ considered, then the rows allocated to Subject Area-1 should be utilized to 
E s wm st^v th Zrif? ""'^l'.""^ 301 will replace Row 310; the other row numbers and 

fac ors will stay the same If more than one subject area is analyzed, the following rows will be used to aemcate 
all the subject area needs to obtain the total elementar>- requirements. aggregate 

Row 356: Elemeiuary Rooms Short or Excess. This is the sum of elementary rooms short or excess for all 
subject areas used-the sum of Rows 323. 329. 335, 341. 347 and 353. 
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Row 357: Total Square Footage Short or Excess. This is the sum of the square footage shortage or surplus for 
all subject areas used-the sum of Rows 324. 330. 336. 342. 348. and 354. ^ 
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Row3C8: Flementary Teachers Required. This is the -.un of eiementar>- teachers required for all subject 
areas~the sum of Rows 3S5, 331, 337, 343, 349, and 355. 




^- j""^^''' H^i^l^ School Space Analysis. Rows 370-519 are used to calculate junior high or middle school facility 
fa rds. Most of the rows are handled in a manner similar to rows in the elementary section Jor each row in 
this sectjon. the instructions associated with the similar row in the eki.ientajy section are referenccc. 

Row 370: Enrollment-Junior High. See Row 300 Instructions. 

Row 371: Total Subject Enrollment. See Row 301 Instructions. 

Row 372: Subject Area-1 Enrollments. See Row 302 Instructions. 

Row 373: Subject Area-2 Enrollments. See Row 302 Instructions. 

Row 374: Subject Area-3 Enrollments. See Row 302 Instructions. 

Row 375: Subject Area-4 Enrollments. See Row 302 Instructions. 
Row 376: Subject Area-5 Enrollments. See Row 302 Instructions. 
Row 377: Subject Arca-D Enrollments. See Row 302 Instructions. 
Row 378: Subject Area.7 Enrollments. See Row 302 Instructions. 
Row 379: Subject Area-8 Enrollments. See Row 302 Instructions. 
Row 380: Subject Area.9 Enrollments, See Row 302 Instructions. 
Row 381: Subject Area-lO Enrollments. See Row 302 Instructions. 
Row 382: Subject Area-11 Enrollments. See Row 302 Instructions. 
Row 383: Subject Area-12 Enrollments. See Row 302 Instructions. 
Row 384: Subject Aren-1 3 Enrollments, i?.:? Row 302 Lnstrjctions. 
Row 385: Subject Area-14 Enrollments. See Row 302 Instructions, 
Row 386: Subject Area-15 Enrollments. See Row 302 Instructions. 
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Row 387: Subject Area-IG Enrollments, See Row 302 Instructions, 
Row 388: Subject Area-H Enrollments, See Row 302 Instructions. 
Row 389: Subject Area.l8 Enroilments. See Row 302 Instructions. 
Row 390: Subject Area.l9 Enrollments, See Row 302 Instructions. 
Row 391: Subject Area.20 Enrollments, Sec Row 302 Instructions. 

^' "'^ '6' card can process only ten rows of data, when a calculation involves more than 

ten rows, a dummy variable must be used. If more than ten but less than twenty rows are involved, only one 
rtZmv " when more than nineteen but less than twenty^ight rows are involved, two 

dummy rows are needed. Dummy variables are needed at this point to aggregate the subject area enrollments. 
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Row 393: Dummy. See Row 392 Instructions. 

Row 394: Total Junior High Subject Enrollment, This is the sum of all subject area enrollments. This row is 
ILmeTsThat".!! rIIw"37i" "eas. Data for historical years will be the 
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The subject area projections are adjusted so that they will sum to the total subject area enrollment projection 
(Row 394) usmg the previously described technique, ^ ' 

Row 395: Subject Area-l Enrollment (ADJ), See Row 310 Instructions. 

Row 396: Subject Area.2 Enrollment («JDJ), See Row 310 Instructions. 

Row 397: Subject Area-3 Enrollment (ADJ), See Row 310 Instructions. 

Row 398: Subject Area-4 Enrollment (ADJ). See Row 310 Instructions. 

Row 399: Subject Area-S Enrollment (ADJ), See Row 310 Instructions. 

Row -100: Subject Area-6 Enrollment (ADJ), See Row 310 Instructions. 

Row 401: Subject Area.7 Enrollment (ADJ), See Row 310 Instructions. 

Row 402: Subject Area-8 Enrollment (ADJ), See Row 310 Instructions. 

Row 403: Subject Area.9 Enrollment (ADJ), See Row 310 Instructions. 
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Row 404: Subject Area-lO Enrollment (ADJ). See Row 310 Instructions. 

Row 405: Subject Area-11 Enrollment (AD,J). See Row 310 Instructions. 

Row 406: Subject Area.l2 Enrollment (ADJ). See Row 310 Instructions. 

Row 407: Subject Area.l3 Enrollment (ADJ). See Row 310 Instructions. 

Row 408: Subject Area.l4 Enrollment (ADJ). See Row 310 Instructions. 

Row 409: Subject Area-lS Enrollment (ADJ). See Row 310 Instructions. 

Row 410: Subject Area.16 Enrollment (ADJ). See Row 310 Instructions. 
Row 411; Subject Area-17 Enrollment (ADJ). See Row 310 Instructions. 
Row 412: Subject Area-lS Enrollment (ADJ). See Row 310 Instructions. 
Row 413: Subject /\rea.l9 Errollment (ADJ). See Row 310 Instructions. 
Row 414: Subject Area-20 Enrollment (ADJ). See Row 310 Instructions. 

The subject area enrollment projections are translated into their associated room and teacher requirements using 
the previously described techniques. uwiig 

Row 415: Subject Area-l Class Periods per Week. See Row 320 Instructions. 

Row 416: Subject Area-l Teachers Required. See Row 325 Instructions. 

Row 417: Subject Area-1 Rooms Required. See Row 321 Instructions. 

Row 418: Subject Area-2 Class Periods per Week. See Row 320 Instructions. 

Row 419: Subject Area-2 Teachers Required. See Row 325 Instructions. 

Row 420: Subject Area-2 Rooms Required. See Row 321 Instructions. 
Row 421: Subject Area.3 Class Periods per Week. See Row 320 Instructions. 
Row 422: Subject Area-3 Teachers Required. See Row 325 Instructions. 
Row 423: Subject Area-3 Rooms Required. See Row 321 Instructions. 
Row 424: Subject Area-4 Class Periods per Week. See Row 320 Instructions. 
Row 425: Subject Area-4 Teachers Required. See Row 325 Instructions. 
Row 426: .Subject Area-4 Rooms Required. See Row 321 Instructions. 
Row 427: Subject Area-5 Class Periods per Week. See Row 320 Instructions. 
Row 428: Subject Area-5 Teachers Required. See Row 325 Inslructions. 
Row 429: Subject Area-5 Rooms Required. See Row 321 Instructions. 
Row 430: Subject Area-6 Class Periods per Week. See Row 320 Instructions. 
Row 431: Subject Area-6 Teachers Required. See Row 325 Instructions. 
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Row, 432: Subject Area^ Rooms Required. See Row 321 Instructions. 
Row433: Subject Area-? Class Periods per Weelc. See Row 320 Instructions. 
Row 434: Subject Area-? Teaciiers Required. See Row 325 Instructions. 
Row 435: Subject Area-? Rooms Required. See Row 321 Instructions. 
Row 436: Subject Area^ Class Periods per Week. See Row 320 Instructions. 
Row 437: Subject Area^ Teachers Required. See Row 325 Instructions. 
Row 438: Subject Area-8 Rooms Required. See Row 321 Instructions. 
Row 439: Subject Area-9 Class Periods per Week. See Row 320 Instructions. 
Row 440: Subject Area-9 Teachers Required. See Row 325 Instructions. 
Row 441: Subject Area-9 Rooms Required. Sec Row 321 Instructions. 
Row 442: Subject Area-lO Class Periods per Week. See Row 320 Instructions. 
Row 443: Subject Area-lO Teachers Required. See Row 325 Instructions. 
Row 444: Subject Area-10 Rooms Required. See Row 321 Instructions. 
Row 445: Subject Area-ll Class Periods per Week. See Row 320 Instructions. 
Row 446: Subject Area-ll Teachers Required. See Row 325 Instructions. 
Row 447: Subject Area-ll Rooms Required. See Row 321 Instructions. 
Row 448: .Subject Area-12 Class Periods per Week. See Row 320 Instructions. 
Row 449: Subject Area.l2 Teachers Required. See Row 325 Instructions. 
Row 450: Subject Area-12 Rooms Required. See Row 321 Instructions, 
Row 451: Subject Area.l3 Class Periods per Week. See Row 320 Instructions. 
Row 452: Subject Area.l3 Teachers Required. See Row 325 Instructions. 
Row 453: Subject Area-13 Rooms Ri quired. See Row 321 Instructions. 
Row 454: Subject Area-14 Cla .. per Week. See Row 320 Instructions. 

Row 455: Subject Area-14 Teachers Required. See Row 325 Instructions. 
Row 456: Subject Area-14 Rooms Required. See Row 321 Instructions. 
Row 457: Subject Area-15 Class Periods per Week. See Row 320 Instructions. 
Row 458: Subject Area-15 Teachers Required. See Row 325 Instructions. 
Row 459: Subject Area-15 Rooms Required. See Row 321 Instructions. 
Row 460: Subject Area-16 Class Periods per Week. See Row 320 Instructions. 
Row 461; Subject Area.l6 Teachers Required. See Row 325 Instructions. 
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Row 462: Subject Area-16 Rooms Required. See Row 321 Instructions. 

Row 463: Stibject Area-17 Class Periods per Week. See Row 320 Instructions. 

Row 464:, Subject Area-17 Teachers Required. See Row 325 Instructions. 

Row 465: Subject Area-17 Rooms Required. See Row 321 Instructions. 

Row 466: Subject An?a-18 Class Periods per Week. See Row 320 Instructions. 

Row 467: Subject Area-18 Teachers Required. See Row 325 Instructions. 

Row 468: Subject Area-18 Rooms Required. See Row 321 Instructions. 

Row 469: Subject Area-19 Class Periods per Week. See Row 320 Instructions. 

Row 470: Subject Area-19 Teachers Required. See Row 325 Instructions. 

Row 471: Subject Area-19 Rooms Required. See Row 321 Instructions. 

Row 472: Subject Area-20 Class Periods per Week. See Row 320 Instructions. 

Row 473: Subject Area-2C ieachers Required. See Row 325 Instructions. 

Row 474: Subject r\rea-20 Rooms Required. See Row 321 Instructions. 

« 

Row 475: Dummy— Teachers. As described previously, several dummy rows are necessary in order to add 
twenty variables together, using the basic support system. This row is used to sum the required teachers for the 
first ten subject areas. 

Row 476; Dummy. See Row 475 Instructions, 

Row 477: Total Junior High Teachers. The sum of all teachers required in the junior high school. In the example 
the sum is obtained by adding Rows 475 and 476 using a *6' card. 
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The System now permits the aggregation of various subject areas into specific space categories. If the subject area 
delineations have been made according to required space types, this aggregation may not be necessary. The 
followirg six space categories may bo renamed; the number of categories could be easily expanded or contracted. 

Row 478: Regular Rooms Required (Junior High). The number of regular classrooms required by subject area 
will be "^ummed to obtain the total number of regular classrooms required in the junior high. In the example it is 
assumed that the first nine subject areas require regular classrooms. 
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Row 479: Regular Junior High Rooms Available. Historical data on the number of regular rooms available for 
the junior high should be entered for all historical years. If the data is not available for any year(s), a zero should 
be entered in that field. The number of available regular classrooms should be entered for the cLnt yeTand 
eveo^ year of the planning period. However, if a new school is being constructed or an existing school's being 
modified or closed, the number of regular classrooms should be modified to reflect this change in all years 
concerned. The impact of different facility plans may be tested by adding or subfr.nrtine rooms on this row 




Row 480: Regular Rooms Short or Excess. Th 
room requirements are associated 



or Excess. This is the difference between Row 478 and Row 479 If all reeul 
with Subject Area-1 courses, then Row 417 would be subtracted from Row 47 



ar 
479. 




Ml 



square feet. In the example, the standard room size is 550 square "Lf ' ' '''' 
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Row 482: 
Row 183: 
Row 484: 
Row 485: 
Row 486: 
Row 487: 
Row 488: 
Row 489: 
Row 490: 
Row 491: 
Row 492: 
Row 493: 



Large Rooms Required (Junior High). See Row 478 Instructions. 
Large Rooms Available. See Row 479 Instructions. 
: Large Rooms Short or Excess. See Row 480 Instructions. 
Square Footage Short or Excess. Sec Row 481 Instructions. 
Science Labs Required (Junior High). See Row 478 Instructions. 
Science Labs Available. See Row 479 Instructions. 
Science Labs Short or Excess. See Row 480 Instructions. 
Square Footage Short or Excess. See Row 481 Instructions. 
Voc. Ed. Rooms Required (Junior High). See Row 478 Instructions. 
Voc. Ed. Rooms Available. See Row 479 Instructions. 
Voc. Ed. Rooms Short or Excess. See Row 480 Instructions. 
Square Footage Short or Excess. See Row 481 Instructions. 
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Row 494: IVpe 5 Rooms Required (Junior High). See Row 478 Instructions. This row is available for the user 
to specify a different room type than already noted. 

Row 495: IVpe 5 Rooms Available. See Row 479 Instructions. 

Row 496: ^Ype 5 RDoms Short or Excess. See Row 480 Instructions. 

Row 497: Jlquare Footage Short or Excess. See Row 481 Instructions. 

Row 498: l^pe 6 Rooms Required (Junior High). See Row 478 and 494 Instructions. 

Row 499: Type 6 Rooms Available. See Row 479 Instructions. 

Row 500: Type 6 Rooms Short or Excess. See Row 480 Instructions. 

Row 501: Square Footage Short or Excess. See Row 481 Instructions. 

Row 502: Net Square Feet Short or Excess. This is the sum of square feet short or excess for the junior high 
schoo . ro obtain the sum, add Rows 481, 485, 489, 493, 497, and 501. If a row was not calculated, it will not 
DC mcluded in the summation. 
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^' gg"^or MtRh School Space Analysis. Rows 520-653 are currently used to analyze senior high school space. 
Ihe rows are handled similarly to those in the elemciitary and junior high space analysis. Reference is made 
to the appropriate row instructions in the elementary and junior high section. Bec.'?ii5^ the variables 
correspond directly to those in the junior high section, some of the row descriptions have been purposely 
skipped. 

Row 520: Enrollment. Soe Row 300 Instructions. 

Row 521: Total Subject Area Enrollments. See Row 301 Instructions. 

Row 522: Subject Area-l Enrollment. Soe Row 302 Instructions. 

Row 541: Subject Area-20 Enrollment. See Row 302 Instructions. 

Row 542: Dummy. See Row 392 Instructions. 

Row 543: Dummy. See Row 392 Instructions. 

Row 544: Total Senior High Subject Enrollment. See Row 394 Instructions. 
Row 545: Subject Area-l Enrollment (ADJ). See Row 310 Instructions. 
Row 564: Subject Area.20 Enrollment (ADJ). See Row 310 Instructions. 
Row 565: Subject Area-l Class Periods per Week. See Row 320 Instructions. 
Row 566: Subject Area4 Teachers Required. See Row 325 Instructions. 
Row 567: Subject .Area-l Rooms Required. See Row 321 Instructions.* 



*Note that the class periods per week, teachers required, and rooms required rows associated with Subject Area-2 
through 19 (Rows 568-621) have not been listed because of similarity with the instructions that are presented. 
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Row 622: Subject Area.20 Class Periods per Week. See Row 320 Instructions. 

Row 623: Subject Area-20 Teachers Required. See Row 325 Instructions. 

Row 624: Subject Area.20 Rooms Required. See Row 321 Instructions. 

Row 625: Dummy. See Row 475 Instructions. 

Row 626: Dummy. See Row 475 Instructions. 

Row 627: Total Senior High Teachers. See Row 477 Instructions. 

How 628: Regular Rooms Required. See Row 478 Instructions. 

Row 629: Regular Rooms Available. See Row 479 Instructions. 

Row 630: Regular Rooms Short or Excess. See Row 480 Instructions. 

Row 631: Square Footage Short or Excess. See Row 481 Instructions. 

Row b32: Large Rooms Required. See Row 478 Instructions. 

Row 633: Large Rooms Available. See Row 479 Instructions. 

Row 634: Large Rooms Short or Excess. See Row 480 Instructions. 

Row 635: Square Footage Short or Excess. See Row 481 Instructions. 

Row 636: Science Labs Required. See Row 478 Instructions. 

Row 637: Science Ubs Available. See Row 479 Instructions. 

Row 638: Science Labs Short or Excess. See Row 480 Instructions. 

Ro-.v 639: Square Footage Short or Excess. Si e Row 481 Instructions. 

Row 640: Voc. Ed. Rooms Required. See Row 478 Instructions. 

Row 841: Voc. Ed. Rooms Available. See Row 479 Instructions. 

Row 842: Voc. Ed. Rooms Short or Excess. See Row 480 Instructions. 

Row 643: Square Footage Short or Excess. See Row 481 Instructiohs. 

Row 644: Type 5 Rooms Requu-ed. See Row 478 and 494 Instructions. 

Row 645: Ty v Room? Available. See Row 479 Instructions. 

Row 646: Type 5 Rooms Short or Excess. See Row 480 Instructions. 

Row 647: Square Footage Short or Excess. See Row 481 Instructions. 

Row 648: Type 6 Rooms Requu-ed. See Rows 478 and 494 Instructions. 

Row 649: Type 6 Rooms Available. See Rows 479 Instructions. 

Row 550: Type 6 Rooms Short or Excess. See Row 480 Instructions. 

Row 651: Square Footage Short or Excess. See Row 481 Instructions. 
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Row 652: Net Square Feet Short or Excess. See Row 502 Instructions. 

Row 653: Total Number of Teachers Employed. This is the sum of elementary, junior high, and senior high 
teachers. 
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4.4 



Analysis 



4.4.1 



Selecting 
Standards 
and Policies 



4.4.2 Definitions 
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The completion of the procedures described in the preceding section will yield an initial 
measure of the nature and magnitude of the school system's future facility needs. These 
needs will vary in re.sponse to some factors, such as enrollment or state imposed standards, 
that are largely beyond the control of the local school district. Other factors, such as a 
utilization rate, will be dircctly susceptible to local district manipulation. It is important that 
the procedures be repeated to examine the impact of a change in local conditions, standards, 
and policies. It is equally important that alternative capit«il plans be tested usinR the 
procedures. 

I1ie district's standards and policies should bo considered in light of the district's ability to 
meet the educational needs of the community. Thus some possibilities, such as "double 
sessions," may automatically be beyond consideration as a potential solution to a space 
problem because of their perceived educational shortcomings. 

If the user is relatively unfamiliar with certain variables found in the procedures, f ho initial 
entries may be detorniiiirfi by calculating current values from existing hLstorn ;*! *lnM. For 
example, the curr^.M;it utilization rate or space per student may be calculated ""I u<r(l. In 
subsequent calculations, revisio ns to these standards and policies should be e.vi'J n'd which 
might prove fonsible for the district. These revisions must take into accovnt many facu.rs. 
Professional teachers' organizations may exert significant influence over policy decisions 
concerning the number of students per teaching station and the work loadof cacli teacher. 
National educational trends should be examined regardin^^ educational space standards and 
programs that might be appropriate to the district. 

Alternative standards and policies may be used to alk vi;, ie temporary shortages of space. By 
relaxing standards, such as the students per teaching station, number of sessions per week, or 
the utilization rate, the need for new space may bt^ radically dimiinished. Alternatively, an 
excess of space may be reduced by lowering the nu nber of stiiri nts per station, decreasing 
the number of sessions per week, or the utilization rmte. 

Each row and variable included in ih\s compon(v t has been briefly defined. If these 
definitions are inadequate for the district's needs, the user can modify them as long as the 
modifications do not alter the basic logic of the tech~iique. All definitions should be agreed 
to prior to the start of the project and used consistentlv throughout. 

The selection of the measure of future facility need is left to the user. The teaching stations 
or rooms required is the most familiar measure, but will not always be superior to the use of 
a square footage measure. Square footage may be defined in terms of gross square footage or 
net square footage (i.e., gross square footage less hallways, storage, and other non-teaching 
space) with no difficulty if the definition is used consiste^Ttly. When considering renovation, 
a school district may want to use a gross square footage measure because of the potential 
convertibility of "non-instructional" areas into teaching stations. 

The measures of facility needs provide much of the basic information with which specific 
capital planning strategies can be formulated. The school system is encouraged to consider a 
variety of possible solutions and then to examine their facility impact. This will involve 
changing values in the appropriate rows for the^ proposed year in which they would take 
effect, and rerunning the System. 
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fmw?^ flT. ' °' ™^ magnitude of the problem. A 

Sr«!^«? J* concentrated In a few grades or a fer? geographic sections of the district may 
^hi^! °y.'^^^^S *e grade organization, reassigning spccinc classes to different 
^^„I' " ""^ attendance boundaries. OUier problems «iii pervade all grades 

throughout tlie entire district. b-ucs 

In a declining enrollment situction, the impact of allowing fewer children per teaching space 
or more square feet per child might be explored. Similarly the effect of devoting a greater 
S.H T"*! ^ non-teaching or community uses cc.sld be tested by changing the 
utilization rate. The Impact of disposing of certain facilities could be examined by adjustlnff 
the existing tsaching stations or square feet for the correct years. * 

I? " ^"'J' s2t>»"on the same kinds of possibilities would be considered but in the opposite 
S "''fm 'f"P"«'"°'>» of more children per teaching space and less space per 

.n i "^'^f °' « «««'o'>» Po'l'y of WW faclUtlw could 

JU teeraluated. WhUe further plan formuUOon conridjratlon. »> pn^minCb^>^tl 
the essential procea of designing altetnaUTci cannot be reduced to e check list. Ultlmttelyl 
the user must detelop these based oa judgement, apertenc*. and kaowiedfo ot the dlitti^ 
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Chapter 5: Fiscal 

Component 

The objective of this component is to examine the demand for a school district's educational 
services in terms of their financial implicatiOi:s. Revenues, expenditures, and bonding 
capacity are projected throughout the planning period and thrv dv trict's cash flow is 
calculated. Once this information is available, a fiscal plan can be developed by comparing 
ex^^ected revenues against the expenditure forecasts associated with alternative facility 
proposals. 



5.1 



Overview 



The Fiscal Component is divided into three modules: the Bonding Capacity Module, the 
Revenue Forecasting Module, and the Expenditure Forecasting Module. The Bonding 
Capacity Module projects gross bonding capacity as a function of the district's projected 
assessed valuation. Net bonding capacity is then calculated by subtracting scheduled 
payments on the principal of both outstanding and proposed bond issues. The Revenue 
Module forecasts school district inc n\c over the planning period. Loc::], intermediate, state, 
and federal revenues are projected. The Expenditure Module projects expenditures that will 
be incurred by the district throughout the planning period. Operating, capital, and bond 
retir^^ment expenditures are projected and summed to arrive at an estimate of total 
disbursements. The capital expenditures section of this module translates planned facility 
and land committments, generated as part of the previous component, into their fiscal 
implications. At the conclusion of the Fiscal Component, the user will have forecast capital 
outlays, expenditures, revenues, and bonding capacity In light of the demand for educational 
services projected by the previous components. 



6.2 



General Design 'The techniques employed in this component allow tht orokction of future revenues and 
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expenditures on the basis of past fiscal patterns, as a function of other variables, or in 
response to the user's independent judgement. Regardless of the approach selected, forecasts 
of both revenues and expenditures must take economic conditions and legal restrictions into 
account. While this component does not attempt to address all possible situations, it does 
possess the flexibility that will allow school planners to consider unique conditions which 
may characterize their district. This flexibility requires the user to make decisions as to how 
certain variables are to be projected. Past trends will aid school planners in making these 
decisions. However, ultimately the user's knowledge of the community and how it is 
affected by economic factors will determine the predictive accuracy of the results generated 
by the model. 

In the Revenue Forecasting Module and the Expenditure Forecasting Module, the user is 
given the chr^ice of itemizing and projecting revenue source ^nd expenditure categories 
individually or applying a shortened forecast method. The shortened method allows the user 
to project total district expenditures or total district revenue by regressing one or more 
major itemized variables against historical totals. This technique will save the user several 
steps over the itemized approach and may provide a satisfactory level of analysis. 

The procedures necessary for completing the shortened forecast method and other 
alternative forecasting techniques are listed in Appendix E. Notations arc made at 
appropriate points in th^^t when an alternative technique, presented in the Appendix, 
might be substituted foift&ciffl in the main text. In general, the procedures in the main text 
are recommended initiall^urifil the user is familiar with the System. 

The user is encouraged to repeat the component procedures in order o examine the impact 
of alternative expenditure programs, revenue forecasts, and bund issue sales. In the cas of a 
forecasted negative cash flow, reiteration will be necessary to determine where ^^xpenditurar. 
might be cut or revenues increased. Successive runs of the System will also be Li:,eful in 
analyzing the impact of one fiscal plan against another. With the chuii^3 of < nly a iVv.' 
variables, the fiscal implication? can be explored of closing or openi'ig ^ school, ^eekin j new 
taxing authority, improving th tax base, and many other policy options, finally, repeated 
runs of the System can alert t district to the effect of possible conditions over ^hicb it has 
no control. The impact of alternative inflation rates, local economic conditions, and 
demographic patterns can be examined, thereby emphasizing the uneirtaincy associated with 
school planning. 



FISCAL ANALYSIS PROCEDURES 

The procedures necessary to forecast the district's bonding capacity, revenue and expenditures are outlined 
below. Review of Appendix A is suggested before continuing in order in understand the Tormat ariJ th- 
completion of cards within each row, as necessitated by the basic support syste;a. 

The Fiscal Component niay be run with or without the other components that make up the cr^mputer version of 
the School Facility Planning System. If it is run without the other components, then certain c^aU: ..cms may have 
to be manually calculated and entered where necessary. In addition, the cards that dcr;^ / tJic ' isu^ical 
planning period (Row 001) will have to be prepared. The use of 7' r ] T cards to name ii:e row and enter u o 
years has been described in Chapter 3. Remember that the respective fields in all the cards that are vscd 
throughout the com^ ^nent will refer to the years identified in Row 001. 

Bonr^mg Capacity Module 

The objective of the Bonding Capacity Module is to forecast the district's bonding capacity for each year of /Ki? 
planning period. Since gross bonding capacity is usually determined as a function of community asr*^ i 
valuation, it is necessary to project asscs^:*d valuation first. 

Two methods are presented for projecting the district's assessed valuation. The method outlined beiow and in £hc> 
example extrapolates b -torical values by means of a user selected growth curve. A second approach is listed in 
Appendix E, wherebj ^^ssed valuation is projected as a function of both community growth or decline an^ 
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inflation. 



Regardless o. t,^ met hod selected, the user must give consideration to the rate of growth or declint- thai the 
CunTZ " '^'^'^ '"^^ «>'''<^«°n of - curve by which assessed vaiuation is to be projected 

Apoondlct" A aaS c" ' ^ ^'^'^^^'^ '^'^^P'^" ^ and again in greater detail, in 

Projecting a ,ssed valuation by means of extrapolation can be conducird with aggregated or disaeerer^ed data 

othef ca^PPor r ""P""'' ^'^^^ comtr^eKt, , ,r,lustrial, .-.idential anTif necessary 

projecting each subtotal. This may be advantageous if one sector of the community \z r-wwing faster than 
Z. .s Xte'dZow" ' '""''^'^ ^PP^"'^"' ^ ^^^^Sated 



fnZfn „H ' "^"^ (Aggregated Approach). Historical total assessed valuation is entered into the 

°3 vlft'"7r '^'^^ '^-'^ ''''^ ^^"'"P'^ ^hat the historical tota 

s^rTes nrnTont . '% ^'"^"'''^ """^ " growth curve. (The nine inCoIumn 6 requests a time 

e ■ . ) The t°hV r '\?'Tu ''''' ^''"""^ ''^ ' curve without a Jser specified 

dol rrl ° '''' ' '''^^ '''^ "^^^ i" thousands of 
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thh is the cai i r ^rT'"'v '^"'"''^ "'^ ^'^'^ '"^y ^P"«'« assessments on utilities. If 

hl'J n-f • ' ' "°" °^ "'""^ P'^°P"^ ""'"^ 'he cilcuiation of bonding capacity, then 

I neTr ^ ol ctioTTn'r"' ^''"'^ '^'^ exanfple Hlustr; tes^ 
linear projection of utility nssessments: 




fo • tJ V """^ ° ""u""'"'' capacity from assessed valuation varies from state 

o s..te. 1 hus, ,t may be necessary for the user to develop a formula that applies in the district's state A tvpical 

IT^ ' • ^ ■ -'"^^"'•P'''- If '"^^ '"^'^ f°"^'"'^ is not known, or if if is considered too difSlt to build 

valuation "'"""^ '"'^ '"'""""^ " "K'''"^' P^oi^'--'''d assessed 

Rov.- 624. Grors BonJipg Upaity Forecast. In the example, gross bonding cnpacilv is calculated as a nercentace 

69C^lsTeTl rmi^°" ''^^ "'"'^ 692)-"''he '6' card mu Replies Row 

to. Sr to c?, r,^o'" . ° times ten percent it then adds the two results 
together to di.rr.o gross bonding capacity. 
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In order to riet ^rnine an intermediate bonding capacity, the outstanding balance on bonds already issued must be 
subtracted from the gross bonding capacity. The user enters the current balance and the payment schedule for 
bonds already issued. The future bond balance is calculated and subtra d from the future gross bonding 
capacity to arrive an intermediate bonding capacity for each year of the planning period. This figure is called 
intermediate because it does not consider any future bond issues which would affect gross bonding capacity. 
Rows 696, 698 and 700 pertain to the established payment schedules on bonds that are already outstanding. If 
there are no outstanding bonds, skip to Row 706. 



Row 696: fHstorical and Scheduled Payments on Principal. The historical and scheduled principal payments on 
outstanding bonds are entered in Row 696. If a bond is to be issued in the current year, its payments should be 
entered here as a scheduled payment and not as a proposed bond issue in later rows. 
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Row 698: iiislorical and Scheduled Payments on Interest. The historical and .cheduled intere:;i payments on 
outstanding bvind.^ are entered in Row 698. If a bond is to be issued in the current year, its payments are tc be 
entered here as a scheduled payment and not as a proposed bond issue in later rows. 
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Row 7C0: Total Scheduled Payments. Total scheduled payments on existing bonds are calculated by adding 
Row 696 and Row 698. 
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Wow 7G2: BaJance on Outstanding F- ^nris. The outstanding bond balance can usually be found on the user's 
summ.'irv schedule of bond pay;r.rnts. These balances shoi)!d be totaled and entered into the appropriate time 
poriodj:. If thes.- balances ere not availiible, they can be manually calculated from ^ e oond amount ana the 
paymeiits on principal. A t.hird alternative is to let the program compute the bond balance for each forecast year 
in the planning period. The example below indicates an outsta.nding bond balance of $30,870,000 for the end of 
1973. The program will calculate the balance for 1974 by .subtr.'K^f.ing the principal paym. t (Row 696) for 1974 
($l,06ij,000) from the pr'^vious year's balance. The J in Column 11 of the '6' card indicatcr> :h?1 the principal 
should be subtracted from t^-e bnliinv-^e lagged one year. 
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Row 704: 



outstanrfino^nn'!!! ^""^'"^ Capacity. The net bonding capacity is calculated by subtracting the balance on 
can Stv (Row 702) from the gross bonding capacity (Row 694). TTiis is an intermediate bonding 

capacity because proposed issues have not yet been co-.sidered. ^ 
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f^rJ . ; p°^°^c^u "''^ ''''"""^ «''y bonds that might be issued in the 

u ure nito Row 706^ The amount of the ..ond is entered in the year for which it is planned to be issued. The 
bonSiiU", r " .000.000 bond i : ,ue planned for 1977 and a $14,000,000 bond issue for 1980 If „o 
bona issues are proposed, skip to Row 71"! 




175*8" 



p ""^J; \ 7°'^nlT'"'' °" ^'^"P^- P^P"^'*^ P^y"""'" °" P""^'P^ °f bond issues are 

Lrl' J:,^""^ lu '"'"'^ P'^"""*^' payments on principal for the second bond 

xan pie th fsi "oJ oVoo^r U h'" TV^""" " ^'S"" ^''^ ^PP^P"^'^ y^"^" ^ '^e 

^^a mn '^""^will be retired with twelv. payments of $1,000,000 each, starting in 1978. The 

$14,000,000 issue w.-i be retired with an annual payment uf $1,200,000. starting in 1981. 
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Row 710: Balance on Proposed Bond Issues. Row 710 calculates the balance for proposed bond issues The 
amounts of proposed bond i ues entered in Row 706 are added to the exist.,,;' balance for proposed bonds 
(always zero\ from which the proposed payments on principal (Row 708) are subtracted. All historical years 
and the current year for Ro iv 710 must be zeros. 
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Row 712; Proposed Payments on Interest. The proposed Interest payments on future bond issues ore entered on 
Row 712, [f more than one bond issue Is planned, the payments on interest of the second bond issue are added to 
the payment of the first bond issue and entered as one figure for the appropriate years. An alternative approach 
would involve using a *6' card to multiply the balance In Row 710 times a tentative Interest rate, thereby 
projecting interest payments. 
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Row 714: 'i'otal Indebtedness. Total indebtedness is calculated In Row 714 by adding the outstanding bond 
balance (Row 702) and tiie balance on proposed bond issues (Row 710). 
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Row 716: Total Payments on Proposed Bonds. The total payments on proposed ^ -^nds are calculated by adding 
tile proposed principal paymerts (Row 708) and the proposed interest payment , .wvv 712). 
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Row 718: Total Bor d Payme/i's • All Bonds. The total p'>.yments on all bonds are calculated by adding the totai 
scheduled payments on outstanding bonds (Row 700) and *hp total paymr nts on proposed bonds (Row 716). 
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Row 720: Forecasted Net Bonding Capacity. Row 720 calculates the net bonding capacity by subtracting the 
unpaid balance on all outstanding and proposed !v :j:i ^'ow from the gross bondin«r capacity (Row 

Gif'V*. If the projected net bonding capacity* is nc^t'! ve . , ^ear, ihe district has exceeded its bonding capacity. 
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5.3.2 



Revenue Forecasting Module 



The objective of the Revenue Forecasting Module is to project revenues that can be expected by the school 
«^^r^t !r"if? 'f' P'^""'"g period. Funds are projected from local, intermediate, state, and federal revenue 
sources, f additional sources of revenue are available to a district which are not covered here, the user should 
project these revenues, using the most applicable techniques, and include them in the computations where 
dppropridie. 

Some of the information estimated in the Enrollment Component and the Facility Component is used as input to 
he Revenue Module. Therefore, it is anticipated that these components will be executed either manuallv or on 
the computer before the Fiscal Component is run. If the preceding components are not being run with the Fiscal 
component, the data that is required by the Revenue Module must be entered manually. 

In general, the accounting structure as outlined in Financial Accounting- Classifications and Standa rd 
Jerg^nologvJgr^Ixjcal and State School Systems. United States Office of Education, 1973, is utilized as the basis 
tor the rev and expenditure analysis. Since many school districts base their accounting systems on this 
structure, us use should facilitate the transfer of data back and forth between the accounting system and the 
Revenue and Expenditure Forecasting Modules. Users are encouraged to redesignate rows within these two 
modules so that they relate directly to the revenue sources and expenditure accounts within the district. 

A projection of the district's assessed valuation is the prime basis for the determination of local revenues. If the 
Bonding Capacity Module has been executed, assessed valuation is available in Row 690. If not, the user must go 
back and execute the steps associated with Row 690, insuring that the information is calculated prior to that row 
con.ainmg the tax rate. The other alternative is to manually project assessed valuation and enter the figures, using 
1 cards, into a row prior to the tax rate information. In "le example it is assumed that assessed valuation has 
already been projected in Row 690. 

Row 732: Tax Kate. Row 732 contains the historical and projected property tax rate. This is input by the user 
and Fhoul.-i rcnect any changes which might occur. For instance, if a district has a current tax rr, of $5 40 per 
hundred assessed valuation, ten cents of which is associated with a particular bond issue vhich will be paid out ir 
two years, then the tax rate should decrease by ten cents in the third year. Similarly, any incremental tax levy 
that the district hopes to achieve should be included. For instance, if a bond issu. is prr oosed which will require a 
tax levy increase of twenty cents for the term o' the bo..d. that increase is showr. jn this row. Notice in the 
exa.nple that the current tax rate of $5.62 is carried out to the t.d of the planning period by adding zeros with a 
b cord. Alternatively, an estimated rate could be directly entered for each year with '1' cards. 




Row 734: Ad Valorem Taxes. Ad valorem tax revenue is calculated bv multiplying a-ssessed valuation (Row 6O0) 
times the tax rate in Row 732. Tlie '6' card divides the a.ssessed valuation (Row 690) by one hundred (100) and 
multiplies the result by the tax rate (Row 732) times one (1). 
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8.1 



Jlow 736: Ad Valorem Tax Receipts. The actual property tax collected may be significantly less than the 
amount levied. Row 736 is used to calculate? expected receipts. The user enters historical property tax receipts. In 
the example, the program regresses the collection data against gross property taxes levied and projects the 
expected tax receipts as a function of the projected gross taxes. Alternatively, a simple percentage of the values in 
Row 731 could be calculated, using a *6* card. This row is necessary onKy in districts where it is likely that the 
actual income from property tax receipts will be substantially less than one hundred percent of expected income. 
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Rows 738 through 840 iteziiize and project additional common sources of local, intermediate, state, and federal 
revenue for a typical school district. These revenues are then summed in Row 850 to arrive at a total revenue 
forecast for the district. Because of time or convenience, some users may not want to project individually each 
source of revenue. In this ease, the user may project total revenue as a function of one or more revenue sources 
which appear to be historically correlated with total revenue. This shortened method is described in Appendix E; 
the itemized method is presented below. Rejjardless of the method chosen. Row H-jQ must contain the district's 
projected total revenue. 

Row 738: Sales Tax. In some areas, r^-. . lue from a sales tax imposed upon the sale and consuTiiption of local 
}^o(j(is and services may accrue to the di nrict. This revenue could be forecast as a regression a.^ainst commercial 
eonstiuction, employees, or some other independent forecast . In the example a \\n.:^v exlr^poldtion is made. The 
historical revenues from this source are entered by the user, with the years to be projected left blank. The user is 
encouraged to graph the historical data and consider alternate projection technique:' based on past trends and 
expi'cied activity. 
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Row 7'iO: Income Tax, Income taxes are defined as taxes on net income. These taxes can be levied on 
individuals, corporations, or unincorporated businesses, ^vhere the income is taxed separately from individual 
income. In the example, historical data is ertered pertaining to district revenue from income tax sources, and the 
program OAOcutes a least squares fit and linear projection. 
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a.rectiy to the district. Again, in the example, the program performs a linear extrapolation. 




^°X Jo,^:vZ^ O^^'^r '^^ '-'"^^ -venue from 

within Igai imits in TtlZlftr'^^'Tr '''^ ^''^ ="'hority. 

county .axes an 1^ no n ~iy eaLTke"d 'of T"7 '° "T"^'" ''''^ """^^ "'"'^ - 

.east square fit and linear extr^ Si ^ Th ,or^^^^ '"^'^^ ''^ « 




dtt:;Jt!'for'^di::tio?;rded "vT°d"7-T r^t ^^""^ ^"f p-^"'^' ^^'^^^ ^s-^^'-' - 

squares fit and l.n a? Z^ction 1^ X„,r ' " " 'u" '""^P'^' P"^"™^'^ ^''^ a least 

expend to pay tuition . 'Lf o^ThrslurnUuiLr"'' '^^"'"^ '""'"^'^"^•^ ^ °^ ^"^"^ 




fcvs against historS nrol m nt ' ^ ^^'f " 'V"*^" ' ^""P'" °f historical transportation 

executed, histo ca „d pTo S c rolTm?nts T ^'f "-'^'f -. " 'he Enrollment Conponent has been 
Component has not iLen TecuLd Li to i^r „d n" ''u^ appropriate row. If the Enrollment 

row. An alternative approach wlut Z Z > V""^ enrollments must be prepared and inserted in a prior 

Rc, .V 748. using '1' cards ^ ^ transportation fees manually and enter the projected values 
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Row 750: Earnings on Investments. This would include Interest received on temporary or permanent 
investments in United States Treasury' bills, notes, bonds, savings accounts, time certificates of deposit, 
mortgages, or other interest bearing obligations; dividends received on stocks; and capital gains realized from the 
sale of bonds or stocks. Earnings from these sources are best calculated manually and input by the user. In the 
example, the earnings for 1974 ($530,000) have been assumed to hold constant for all future years during the 
planning period. 
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Row 752: Food Sen'ices. This would include money received for dispensing food to pupils, teachers, and 
administrators. In the example, the projection is made by a simple linear ii'gressijn between historical food 
service rev^ muos and enrollment. Alternatively, the forecast could be made by multiplying an estimated dollar 

amo'jnL per stisdont times projected enrollment. 
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Row 754: Pupii Activities. This would include money received from school sponsored activities such as dances 
and football games, bookstore sales, memberships in pupil organizations, etc. In keeping with the previous row, 
the forecast in the example is by a simple linear regression between historical revenue data and enrollment. 
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•<jy^ 756: Other Local Revenues. Other revenues from local sources, such as rentals of school property, 
hutions and donations, sale and loss of fi.xed assets, and revenue for services provided to other districts, 
,...s«it be included here. In the example, the current amount is conservatively estimated to continue for each year 
of the planning period. 
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5.3.2.1 Intermediate Sources of Revenue 

will receive the ma on v nf f h r . ' "[""''^ ^" '''"^ districts 

r S source - beS t'' " -k.'""' ^"'^ "'^'^ °^ "° ^^"""^ intermediate 

™ue s ctions I^^leaS 1^ nvn, r " f ''u"'"'' ^^'^"'^'^ ^'''^ °^ 'he state and federal 

schoordistHct '"^P'anafon of each revenue source is given, followed by an example for an actual 

t^/situatiorirZhThTH" ^ T'"" ""'^^ "^■^""^ intermediate sources. The first is 

R Lr re enue of^ h^^^ J TV"'"' '""'^ and. therefore, derives its local support from the 

fn7lt schoo^d- ;rL'rs:L:3p:ied^^ °^ '^"""'^'^ ~ ''^^ '° ''^ 

In tne second case, the school system is a legal taxing entity but receives some of its revenue from the 
funct,o,. n thus situation, the collection/distribution function may be strictly a pass'hrough activity or he 

ser mS r^oZst^'^r'f ^""jr^^--'^- ^"°-'-" of collected' funds. If eithS c^^ exists 

user must obtain a fon?cast of mtermed.ate revenues for each year of th ■ planning period. 

in?o'!^mJHH.'"'""""^' '^"''f ^" '''' '•''"'"P'^' '''^ '^'s'ri'^t receives revenue frcm oniy one 

"^^^^^^^^^ revenue from this source is entered in Row 778. It is projected by means of 

rtt,ression against Kow 692. the state utility assessment within the district. 




?7o?hnrp'^°'",^"'"'"'''^'"' ^" intermediate revenue sources are totaled m Row 780 
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5.3.2.2 State Revenue 



°^ ^"""^ ^j"-^ categories: unrestricted grants-in-aid restricted 
yranU-in-aid, revenue m lieu o' taxes, and revenues for or an behalf of the school system. 
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Unrestricted Grants-In Aid . Unrestricted grants-in-aid are the primary source of revenue from state government. 
Th.is categoiy of assist-^nce constitutes a substantial portion of most school systems' revenues. Approximately 
thirty-cne percent of totsl school revenues came from unrestricted grants-in-aid provided by state governments in 
1971-72. These unrestricted grants-in-aid are made by using one or more of five basic techniques for distributing 
fundr.. Thea: techniques have been defined by the National Education Finance Project as follows: Flat Grants, 
riniyer-PIaig-Mort, Percentage Equalization, Guaranteed Valuation on Tax Yield, and Complete State and Fedtral 
Supuc..'t. Within each of these techniques there are sj many variations that it is impractical to create a precise 
fvrrrula that would explicitly include all the variables. Moreover, a large amount of uncertainty characterizes 
the Ivrical state legislature's activities in regard to state aid. In view of this complexity, the method for projecting 
unrestricted state grants-in-aid should be varied with each state. The example presents a simplified approach for 
those users unable to incorporate their particular legislative guidelines. 

The average allocation per pupil is calculated for the past five or ten years and projected on the baris of the past 
trend. Then the projected ratio is multiplied times the projected enrollment to arrive at an estimate of projected 
revenue from state grants-in-aid. This method for projecting financial support does not, of course, account for the 
uncertainty associated with state legislation. The user is cautioned to view these projections with only the amount 
of certainty placed in the aciivifics of the state legislature. If during the planning period the formula for 
distributing unrestricted grants-^n-;ud ck r ges,the figures should be i-e^^akulated. 

Rcstriciod n r anti^.-In-Aid^ Rr '»ted grants-in-aid at the statr level include several categories of special purpose 
programs which include, Iv-: . .. . rL^.iled to: 

Special or Exceptimv.' jn Grants 

Vocational Ed u cum on : 
Transportation Cratii^'? 
School Housing G^\in.%r. 

Textbook, Library, Eqiiipjp.ent, and Supply Grants 
Diiver Education Cyvn\', 
School Lunch Gr; , 

Individual school di.'-.r^iiris may or may not qualify for these programs, depending upon the special legislation; and 
when they do qualuy, they may or may not apply for the funds. Revenues in this categc.y must therefore be 
forecast by the user, based upon knowledge of the various grant programs and knowledge of the district's desires 
to participate in them. 

Revenue in Lieu of Taxes. Revenue in lieu of taxes is revenues obtained from the state to compensate a school 
district for state owned property within the district on which Ad Valorem taxes are not paid. Revenues of this 
nature will var\' with the amount and value of property owned or controlled by the state, the local tax rate, and 
the generosity of the legislature. 

Revenues for or on Behalf of the School System . Revenues for or on behalf of the school system include any 
funds collected by the state on behalf of the system and "passed through" without redistribution. Payments to a 
pension fund or contribution of equipment or supplies would fall in this category. 

Users should project state revenue in terms of the four categories outlined above. In the example, the school 
district projects its historical unrestricted grants-in-aid from the state, and five separate revenue sources under the 
restricted category. 

In projecting the unrc-::{:ricted gram: -in aid amount, the historical average state allocation per pupil has been 
calculated and entered in Row 806. These historical allocations have been graphed and a linear curve selected for 
future average values. The historical state unrestricted grants-in-aid received by the district are entered in Row 
808. Future amounts are projected by multiplying the projected average allotment per pupil times the projected 
enrollment. 



1 

/ 


c 








A 


u 
V 


c 


iio 

R 






r 

£ 




15 

s 


T 


fT 






h 


L 


L 




c 




T 


I 


0 


N 


r 


P 


£ 


R 


ps 


P 


U 


P 


I 


w 

L 










45 




















ps 










w 






















■ 


h 






71 














6 








1 




(Z| 












1 


3 




5 


1 








I 


F 




3 


P 








/ 


1 


9 


9 


7 








3. 




1 


7 


$ 












i 


















3 


2 








1 


8 


1 


I 


b 










1 




7 


5 


K 






















1 
































































































































































































































































































































































































































- 


- 







































96 

O 88 

ERIC 




55_ 



In the example, the district receives restricted grants in aid for transportation, exceptional pupils, text books, a 
vocational prop-am, and food services. Transportation, exceptional pupil, textbook, and vocational aid have all 
been projected as a regression against projected enrollment. The last category, food services, is projected as a 
function of the local revenue received from the food service program by multiplying Row 752 times a constant 
factor (.0168) determined by the state. Total revenue expected from the state is calculated in Row 820 by adding 
Rows 808, 810, 812, 814, 816, and 818. 




5.3.2.3 



Federal Revenue 



11 I i 



2^ 



At the federal level, the basic revenue categories are the same as at the state level. However, unrestricted 
jrranis in aid from the federal government are not a significant source of revenue, and the distinction between 
restricted and unrestricted grants-in-aid is mainly for accounting purposes. In most districts the revenue from 
federal sources represents such a small percentage of total school system revenues that there will usually be no 
ncea for a detailed breakdown. In those districts where the amount of federal aid is extremely small or variable, 
the user may want to estimate an overall amount and place it in the appropriate columns of Row 830. Those 
districts that choose to project federal revenue on a somewhat more rigorous basis can apply the same procedures 
used in projecting state grants-in-aid. 

Revenue from the federal government is projected as a gross figure in the example, rather than being divided into 
separate categories. The historical average allocation of federal aid per pupil has been calculated and entered in 
Row 828. These historical allotments have been projected, using a linear curve. 
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The hisiorical total federal revenues are entered in Row 830. These historical figures are projected by multiplying 
the projected average allotment per pupil times the projected enrollment. 
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Row 810: Xon-Rovcnue Income. Income generated or to be generated from the sale of bonds is entered in Row 
S-\0, The historical income derived from the sale of bonds is entered as well as the income to be derived from 
fulurr bond issues. Refer to Row 70G for the amount of future bond issues. 
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Row 550: Tot;}l Revenue • All Sources. The total revenue from local intermediate, state, and federal sources and 
rr!>:n l\\v r.iio of bonds is calculated in Row 850 by adding Row 160, 780. 820, 830 and 840. 
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5.3.3 i'Apcnfhtufo Forecasting Modnle 

Thf (;bj(»ctivo oi liie Kxpt»nditure f'orocasting Modiiit? is to project expenditures that can be expected by the 
rcrjool (listrirt throiiuhoiit tiie planning period. The forecasted expenditures are then compared to forecasted 
rev 'HiJcs to ncffTinino the district's cash rif)W. 

C)'itf)uts from the Knrf)!lrnent and F;iiility Coniponi^nts and the CapiUil Resource's and Revenue Modules are 
n quired input to the Expenditure Module. ThiTcfore. it is assumed that considerable analysis will have been 
roinpN u'd citlu-r manually or on the computer beforp the Kxpenditure Module is executed. If the preceding 
.uialy '.is has oron executed manually, the data required by this module must be entered, using *1' cards. 

Thir module can forecast expenditures by individual schools and accumulate district totals, or it can be used to 
forecast district totals directly. The example presented below forecasts total district-wide expenditures. The 
procedures have been set up to coincide with the Recommended Code of Account for Expenditures, established 
by the United States Office of Education. The following general categories are included: salaries and benefits, 
purvlKLsed service's, supplies and materials, capital outlays, reduction of principal and interest, school housing 
authority obligations, dues and fees, and in<iurance and judgements. Tlieso categories and their associated 
:aib'Categories are defined in detail in Handbook II (Revised) of the State Educational Research and Reports 
Series, publisiied by the United States Office of Education. Users are encouraged to redefine the categories, where 
necessarv , so that they fit the district's code of accounts.* 

*i{cferenced on following page. 



Xwr^'n'Si.".' administrator can forecast expenditures by relating historical expenditure 

JurllnL . •"f°'^"=^' f"^°"'"ent. This regression approach is recommended for projecting salaries benefits 

rxDcSitLnt T, ; '""y appropriate for forecasting equipment, vehicle, and library book 

Hnrr K , r " '"P""""' ' °^ «"='y»"'- '""'^ P^^ciso breakdown is 

desired, sub-classiflcations of these categories may be projected using the same genera! techniques. 

aclionfo Jrnfinl"'^ of calculation the Expenditure Forecasting Module has been subdivided Into three 



♦Expenditures are classified several ways in the United SUtes Office of Education handbook. The classifications 
(reterred to as dimensions) include: 



A - 


Fund 


G - 


Fiscal Year 


B - 


Object 


H - 


Instructional Organization 


C - 


Function 


I ~ 


Job Classification Activity 


D - 


Operational Unit 


J - 


Term 


E - 


Program 


K - 


Special Cost Center 


F 


Source of Funds 







A school district may select whatever dimensions it believes desirable and adopt a chart of accounts accordingly 
by redefining rows. Some districts may want to prepare several versions of the Component, each in terms of a 
different dimension. The example is built around the B dimension- Object and the 'G dimension - Fiscal 
lear; the latter dimension is automatically included in the forecast nature of the System. 
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5.3.3.1 Operating Expenditures 



The fjrst item of expense to be forecast is teacher salaries which constitutes approximately eighty-five percent of 
the operating budget of most school districts. The projection method recommended here is that of relating 
teacher salaries to per capita income as projected by the United States Department of Commerce - Office of 
Business and Economic Research Statistics (OBERS). During the past decade, teacher salaries have risen more 
rapidly than per capita income. If this trend does not continue, a simple regression, as illustrated here, may 
overestimate future salaries. Local economic renditions and the national rate of inflation will, of course, impact 
the forecast. The user, therefore, should monitor the ratio between teacher salaries and the OBERS projection 
and change the projection curve accordingly in future runs. 

.\n independent projection of per capita income may not be readily available to some users. If this is the case, 
Appendix E presents several alternatives for projecting teachers' salaries (Row 868) directly. 

Row 864: OBERS Per Capita Income Projection. The uner enters the current OBERS projection in the input 
lines of Row 864. All histojical and forecasted vears are filled. 
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Row 8G6: Average Teacher Salaries. Historicfi 
866. Future average .salaries are projected by ;i 
SoTTiQ user> may want to consider an exponent, 



data regarding the mean teacher salary should be entered in Row 
. "pssion against the independent projection of per capita income, 
i, a'her than linear, regression. 
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Row 868: Teacher Saiarie.s (Sxpendilures). Historical data regarding total teacher salary expenditures should be 
ontored in Row 868. The expenditui ,s for future teacher salaries are projected by multiplying average teacher 
salar>' (Row 866)^ times the projected number of teachers. The user is reminded that the number of teachers 
projected in the Facility Component is the minimum number required to satisfy the user's input standards. (The 
stand.irds here are the average number of classroom hours per week a teacher is available to teach and the number 
of clarxsroom hours per week for each subject area.) The actual or expected number of teachers may be greater 
than the required number. Thus, the user may want to increa.se the projected number of teachers for each 
forocTsl year. This should be done after running the Facility Component and before executing the Fiscal 
Component. The other alternative is to project and enter the number of teachers manually. 
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n V-rn I ! ^^'^ Expenditure. The historical data on total district salarv- expenditure is entered in 

Kow 8/U. Total aistrict salaries are considered to be a function of total teacher salaries and are projected bv 
means of a regression against total teacher salaries (Row 868). 




Row 372: Benefits. The historical expenditures for employee benefits are entered into Row 872. They wilt 
cons.st or health, pension, and any other personnel related overhead costs. Employee benefits are projected by a 
simple regression against total district salaries. 



_1_;_.5;__;_; 
I -. . , 




In the example. Rows 874, 876 and 878 itemize and project additional district operating expenditures The user 
ma> desire to project total operating expenditures as a function of total district salaries (Row 870) and employee 
bene its (Row 8(2). This approach may be advantageous if there are a large number of additional operating 
expenditure categories. Appendix E illustrates the alternative procedures. 

Row 874: Purchased Supplies and Services. Historical data on purchased supplies and services is entered in Row 
a/4. The user may want to project these expenditures separately. In the example, they have been combined and 
projected together by a regression against projected enrollment and projected teachers. 
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ow 876: Dues and Fees. School district historical due and fee expenditures are entered in Row 876. Here dues 
Id fees are projected by a regression against the projected number of teachers. In many cases, the expenditure 
r duos and fees will be so small that a manual projection may suffice. 
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Row 878: Other Operating Expenditures. Historical miscellaneous operating expenditures are entered in Row 
878 and a projection technique is selected. The forecasting procedure selected in the example is a regression 
against projected enrollment. 
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Row 880: Total Operating Expenditures. Total operating expenditures are calculated by summing Rows 870 
872, 874, 876, and 878. 
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5.3.3.2 Capita! Expenditures 

After con.pletion of the Facility Component, the user will have determined the district's need for additional 
faclHties to house projected demand for educational services. Because of the impact of inflation on the 
construction industry, current costs cannot be used for estimating expenditures in future time periods. Future 
construction costs can be estimated by projecting a building cost index. This index is then used to forecast 
construction cost on a per square foot basis. The distiict's proposed new facilities (in square feet) are multiplied 
times the projected per square foot construction cost to arrive at estimated future construction expenditures. 

Row 894: Building Cost Index. The easiest way to account for inflation is to obtain an independent cost index 
which has already been prepared. One such index is included in the Dodge Manual for Building Construction 
Pricing and Scheduling. The user must copy the figures into the appropriate year columns of Row 894, using *1' 
cards. For those users desiring to project the building cost index themselves, different methods are presented in 
Appendix E. 
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Row 896: Construction Cost per Square Foot. The current construction cost per square foot is »ntered into the 
cv:rrent year position of Row 896. The example shows a current cost of $32 for 1974. This information is input 
by dividing 3200 by one hundred, which is initiated by a K in Column 77. The K must appear on both T cards. 
The procedure card uses the following formula to forecast building cost: 



Cost per Sq. Ft. (lagged one year) 
Building Cost Index (lagged one year) 



Building Cost Index 



Tir 












p 




P5 

s 


fr 








P5 

T 


1 


0 


N 




0 


5 


r 




p 




11 




S 


p« 


0 


A 


(I 


|E 






a 






r 










4S 








5 


{ 








S! 










w 












t — 


















n 










\f 
































































(2 






























0 
































<p 
















0 


















-\ 






















-+- 
















































































































K 














X 


























-A- 
































































































/ 


* 






























- 
























-4- 























































































































ERIC 



94 



1 n 9. 



The first year, 1975 in the example, is projected by dividing the cost per square foot in the previous year by the 
building cost index, also lagged one year. This result is then multiplied by the building cost index of the year to 
be forecasted. The school building cost per square foot for 1975 would be calculated as foUows: 



1975 School 
Construction 
Cost 



32 



x489 



467 

.0685224 X 489 
$33.51 per square foot 



Row 898: Planned New Facilities. After running the Facility Component, the user will have projected the 
amount of classroom space needed in the future. If new facilities are to be built, the proposed square footage of 
these structures is entered into Row 898. The example indicates that 84,000 square feet of teaching space is 
planned to be added in 1976 and 146,000 square feet in 1980. Here, the '6' card is used to continue the last 
entered value (0) to the end of the planning period. 
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Row 900: New Facility Capital Expenditures. The historical capital expenditures for buildings are entered in 
Row 900. If any capital expenditures for buildings are to IfO or have been made in the current year, this amount is 
entered mto the current year position. Forecast years are left blank. The expenditure for planned new facilities is 
calculated by multiplying the square footage of the planned facilities (Row 898) times the cost per square foot 
for school buildings (Row 896) for each year in the planning period. 
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Row 912: Land-Capital Expenditures. The historical expenditures for land are entered in Row 912. If the 
district plans to purchase land in the future, these planned expenditures are entered in the appropriate forecast 
years. The example illustrates planned expenditures of $150,000 in 1976 and $250,000 in 1980. 
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Row 9I-t; f*k|Uipmf?nt CapitaI Exp<.»ndltures. The capital expenditures for equipment are entered in Row 914. In 
the I'xampli', th«vs<» vxpviuWiurvH an» projected by a riigression o^fninRt projected enrolIni<?nt. 
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Row 01(5: Vehicles* Capital Kxpendltures. Expenditures for vehicles are entered in Row 916. In the example, 
Vehicle expenditures have been projected off line, since vehicle purchases are usually not made every year. 
IVoji'cti'd expenditures are entered for the appropriate years using *r cards. 
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Row 918: Other Capital Expenditures. Miscellaneous capital expenditures are entered into Row 918 and a 
prf^jection technique s^'lected. A linear regression against time has been selected here to forecast other capital 
expenditures. 
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Row 920: Total Capita! Expenditures. The total capital expenditures are calculated by adding building (Row 
900). land (Row 912), equipment (Row 914), vehicles (Row 916), and other capital expenditures (Row 918). 
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Row 926: Total Payments on Principal. Total payments on principal are projected by adding hisforirni nnd 
srhed'.iled paymcr 's (Row 696) to the forecasted payments on planned bond issues (Row 708). 
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w928: Total Payments on Interest. Total payments on interest are projected by adding historical and 
loduled interest payments (Row 698) to the projected interest payments on planned bond issues (Row 712). 
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Row 930: Total Debt Service Expenditures. Total debt service is calculated by adding total payments on 
principal (Row 926) and total payments on interest (Row 928). 
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Row 940: Total Disbursements. All expenditures are totaled in Row 940. This will include the district's 
projected outlays for operating expenses (Row 880), capital expenses (Row 920) and debt service expenditures 
(Row 930) for each year of the planning period. 
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Row 945: Cash Flow. The projected cash flow is determined by subtracting the district's total disbursements 
(Row 940) from its total revenues (Row 850) for each year of the planning period. 
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Row 950: Balance. The district's balance for each historical year and the current year is entered in Row 950. 
Forecast years are left blank. The balance is projected by adding the cash flow (Row 945) to the previous year's 
balance. In the example, the balance is $2,656,000 in the current year. A negative cash flow in any year will draw 
down on the balance. A positive cash flow will add to the balance. 
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5.4 Fiscal Completion of the procedures outlined in Section 5.3 will result in an initial forecast of the 

Analysis district's total revenues, expenditures, and resulting cash flow. Whether the initial cash flow 

is positive or negative, the user is encouraged to repeat the component procedures in order 
to examine the impact of various alternative plans and policies. Even if the cash flow remains 
positive throughout the planning period, substantial savings may be realized by 
implementing an alternative plan of school closings, openings, debt retirement, or other 
variables which affect the district's fiscal situation. These alternative plans should be 
examined by rerunning the System. 

If the rcltcrotcd cash ilow is positive throughout the planning period and there are no 
planned bond issues, the only further analysis necessary is the possibility of a tax reduction. 
If the cash flow is positive and a bond issue is planned, then the projected bond payments 
can be met. 

Capital expenditures may be paid out of current revenue or they may be paid through a 
bond issue. If an initial run results in a negative cash flow because capital expenditures were 
paid out of current revenue, possible bond issues should be considered in subsequent system 
iterations. If a bond Issue is not required, these expenditures are to be entered a5 capital 
expenses in the Expenditure Module. 

If the cash flow is negative during any of the years of the planning period, changes in either 
expenditures or revenues must be made. For example, s tax increase, a decrease in services, 
or a change in standards such as class size might be considered. Most of these changes wit! 
have an impact on the entire flscal plan rather than only the one area changed. Moreover, 
these changes will, of course, affect other aspects of the educational program. 

Much of the flscal analysis associated with alternative proposals to close or construct specific 
buildings must be done manually Each proposal's marginal impact on revenues and costs 
will have to be determined "off-line" and then entered in the appropriate rows for separate 
runs of the System. The closing of a school may result in reduced operating costs because of 
lower utility, maintenance, insurance, and administrative overhead. These savings may be 
partially offset by increased school bussing requirements, demolition, or higher security 
costs. School district income might also be affected if the building and site are leased or sold. 

The construction of a new building will have an equally diverse impact on operating, as well 
as capital, costs. New requirements must be established for changing light bulbs^ maintaining 
parking lots, purchasing library books, and the hundreds of other necessary supply and 
service activities. More difficult Will be the determination of additional staf^ necessary to 
meet custodial and administrative requirements. The difference in operating costs due to 
utility, transportation, and other factors may be important In ceci^^ng between building a 
new structure versus adding to an exi.sting one. 
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"Chapter 6: Gec*graphic 

Component 

The projected geographic distribution of children within a school district will have a 
significant impact on the designation of attendance area boundaries and on the selection of 
sites for school construction or cidsing. The Geographic Component presents two techniques 
to assist in making locational decisions. Each assumes that the geographic distribution of 
future enrollments has been previously estimated. The topics considered are boundary area 
analy^s and site selection. 



6.1 Overview 



The Boundary Analysis Module uses detailed estimates of the school age population in small 
geographic subdivisions of the district to develop boundaries for the attendance areas of each 
of the district's schools. The boundaries are selected in such a way as to minimize the total 
distance traveled by students to and from their assigned schools. The basic program is 
entitled BOUND, It makes use of a previously written sub-routine to perform linear 
programming analysis. Special attention is directed to the ' iue of school integration with a 
second program that includes racial constraints. These constraints specify the maximum and 
minimum pprcent minority enrollment proposed for each school in the district. The 
constraints are established using the district-wide minority percentage, plus or minus a 
permissible variation from that percentage. The program that conducts this analysis is 
entitled RBOUND, 



The second topic to be considered in this chapter is addressed by the Site Selection Module. 
Locational decisions involve a variety of subjective determinations, assessment of the effects 
of variability in the data; and numerous local considerations, such as land availability and 
transportation policy. Systematic procedures are outlined for developing and evaluating 
alternative sites in the long-range planning of school facilities. These procedures presuppose 
familiarity with much of the preceding analysis. The method of population projection is 
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important, especially the potential variance In these projections. Projected space 
requirements, construction costs, and available resources must all have been previously 
reviewed. Finally the module makes use of the BOUND program in order to determine the 
student transporation "costs" associated with various options. 

6.2 Boundary Often school attendance boundaries are the result of tradition, neighborhood pride, and 

Analysis many other non-quantifiable factors. Each of these factors is important and should not be 

Module overlooked when applying the methods discussed below. The analytical techniques can assist 

in the determination of general attendance zones. They can not replace the administrator's 
task of preparing actual boundar>' lines in light of all planning and political factors. Several 
initial considerations are appropriate. 

The first question to be resolved is the identification of criteria for designating attendance 
area boundaries. One of the strongest arguments for the neighborhood school concept is that 
it allows pupils to attend the school nearest their home. Thus one could determine whether a 
set of boundaries is "good" by totaling the distance traveled by each student to school each 
day. These service area boundaries could then be redrawn and the total distance traveled 
recalculated. If rhis second tota! was less than the first, one could reasonably argue that the 
second set of school attendance area boundaries was more desirable than the first. The 
Boundary Analysis Module is based on the assumption that total commuting distance is the 
major element in measuring the desirability of a set of boundaries. 

At this point it is worthwhile noting that the concept of distance can be defined in various 
ways other than physical distance. An alternative would be that of monetary cost. If the cost 
of transporting each student to school could be estimated, similar calculations would 
indicate whether a second set of boundaries would be better than the first. Inherent in this 
definition is the difficult problem of consistently assigning one cost to a student who walks 
and another to a student who is bussed. 

A third definition of distance is that of travel time. This concept accounts for the fact that 
tr jugh two students may live the same physical distance from school, one may take a route 
that has more traffic or obstructions. The use of travel time partially alleviates the problem 
of relating the cost of a student walking to the cost of one who is bussed. 

A final concept that may deserve consideration in cert^rin situations is that of preference. If 
each student or family was asked to rank preferences among the schools in the district (a low 
score being most desired), then the criterion could be co draw the boundaries in such a way 
that the total rating of the assigned schools was as sn-nll as possible. This approach might be 
useful in implementing an open enrollment policy. Under such a policy each school in the 
district would be open to all students as a matter of choice. Throughout the remainder of 
this section the term distance will refer to any of the concepts of distance or cost discussed 
above. 

Having determined that a better set of boundaries is one which reduces the total distance 
between children and schools, the next question is what is the **best" set of boundaries? The 
word "best" as used here is a technical abstraction. It is defined only in terms of the selected 
distance criterion. 

Each attendance zoii? must meet certain conditions. No set of boundaries may require a 
school to operate at a level above its capacity. Moreover, the attendance zones must cover 
the entire district. These two conditions will be referred to as constraints. The mathematical 
problem may now be stated precisely as follows: Assign students to schools in such a way 
that the following conditions are met: 

1) Each school's enrollment doe?; not exceed its capacity; 

2) Each student is assigned to a school; 

3) The total of the distances commuted daily by al! students is a minimum. 
Numbers 1 and 2 are called constraints, and Number 3 is called the objective. 
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6.2.1 



Genera] 
Design of 
BOUND 



Though the problem has now been stated precisely, it cannot be solved practically. In any 
reasonably sized district, the number of students would be so large that the problem would 
excpf^d available data collection and analysis resources. Therefore the problem must be 
approximated to reduce the amount of data required. 

A good approximation Is to assume that students who live in the same geographic sub-area 
all live the same distance from a given school. Suppose that the entire district has been 
divided into compact geographic sub-areas or grids. Uniformity in the configuration of these 
grids greatly increases the ease of impUmentation as well as the accuracy of the model. The 
population center of each grid is called its centroid. 

The problem of allocating students to schools Is applicable to linear programming. This is an 
established technique for determining the optimal allocation of selected resources to meet a 
particular objective. As applied In this component the Vim-^^ -urogram produces a solution 
which will minimize the total distance traveled, however iy, .red, by all students to their 
assigned schools. 

The Boundary Analysis Module consists of a main program named BOUND and a 
sub routine named SIMPLX.* It is the function of BOUND to read in data describing 
selected characteristics of the school district and to print the optimal solution to the 
transportation problem. Between these two functions BOUND calls SIMPLX which actually 
solves the problem. The manual version of the School Facility Planning System solves the 
same problem, using an approach known as the distribution or stepping-stone method. The 
problem will now be stated in mathematical symbols for those readers that arc Interested. 
Others may proceed directly to the procedures section. 

Suppose a school district conUins n schools and that it has been divided into m small areas 
or grids.Ut pj, i-l,2,...,ni, denote the anticipated school-age population of each of the m 
grids, l^i c. , j-l,2,.../i, denote the capacity of each of the n schools. Let d-j , i-l,2,...,ni, 
j-l»2,...,n, denote the distance from the c«ntroid of the ith grid to the jth sthool. Each of 
the values of pj , c j and djj must be estimated by the user. 

These concepts are illustrated graphically in Figure 6-1 for « hypothetical district consisting 
of three schools and ten grids. 
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FIGURE 6~1 SCHOOL LOCATION AND GRID STRUCTURE FOR 
SAMPLE DISTRICT 

I*t Xjj , denote the number of itudcnts from grid I to be sent to 

school j. The wluei of x,: arf unknown. Howerer, certain condition* on the x,- are 
known. 'J 
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(1) For any school j, the number of students attending may not exceed its capacity. 
Symbolically: ^ ^ Cj , for j-l,2,...ji. 

(2) For any ^id i, the number of students sent from grid I, to all of the schools Is equal to 
the population of that grid. 

Symbolically: Sxy - pj for 1-1,2,.. .;n. 

(3) Since the product djj • x-j is the total distance commuted by students from grid 1 to 
school j, ^ S djj • Xjj is the total distance commuted by students In the district 
This sum Is to be m Imizcd. 

In mathematical shorthand the problem is: 

Findx.j, i-l,2...»m, j-1,2,...^ which 



mmimizcs 
subject to 





• 














forj-1,2,. 


..,n. 






Pi 


for i-1,2,. 




X.. 




0 


j-1,2.., 


..,n. 



Such a problem is solvable (X|. values can be found) using linear progranr.ming. As long as the 
total capacity of the schools (-?^ c.) is larger than the school -age population of the district 
{ ^ p.) a solution is known to exist. 

6.2.2 General Design .NLny school districts have recently been faced with the issue of racial desegregation. A 
of RPOUND conscious desegregation policy often requires that the percentage of minority students 

assigned to any school in the district be reflective of that minority's percentage of the 
population in the district as a whole. This translates generally into a goal ihs^ the percent 
minority in any school fall in the range of a certain number, plus or minus a permissible 
variance. As an example, a district with a thirty one percent minorit>' population might be 
required to insure that its minority enrollment in all schools was within ten percent of that 
figure. Thus every school would have a minority population between twenty-one percent (31 
minus 10) and forty -one percent (31 plus 10). 

The program BOUND, described in the previous section, has been modified to in.:lude racial 
constraints in a program called RBOUND. Like BOUND, RBOUND provides data to the 
sub«routine SIMPLX and prints the results that are obtained. The desegregation approach 
can also bo stated in more mathematical language for those interested readers. Others may 
proceed to the procedures section. 

Let the symbol B stand for the percent minority* in the entire district '31% in the example 
above) and let the symbol V stand for the permitted variation between schools (10% in the 
example above). The percent minority in any school must fall betwc>ea the limits B-V and 
B^V. In the previous discussion it was noted that the number of students in school j is 

^ Xjj . If this number is multiplied by B-V, the number obtained, (B-V) 5 xj: , is the 
minimum number of minority students permissible in school j. In similar fasnion, (B+V)) 

^ Xy is the largest number of minority students allowed in school j. This extension of the 
model must allow all of the previous constraints and in addition must Insure that the number 
of minority students In each school falls between the limits above. 

The number of minority students In each grid must be estimated. That number divided by 
the number of students in each grid provides the percent minority in each grid. The percent 
m'mority in grid I is denoted « To calculate the number of minority students In school j, 
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recall that Xj. is the number of students from grid i who are lo be sent to school j. If thoy 
are sent in proportion to race, b. Xj. will be the number of minority students sent to school 
I from grid j. Summing over i. ^ 2 b. x.. is the number of minority students assigned to 
School j. » » 

When the desired minimum and maximum minorit>' student limits are applied, it is seen that 
for each school two inequalities must be satisfied: 

I b|Xjj ^ (B-V) ^ x,j and X b.x^j ^ (B^V) Z Xjj 

6.2.3 Boundary The assignment of students to schools using IK UND or RBOUND requires three gnnrral 

Analysis UsV.s: The collection and/or estimation of da .:, the prrparation of input cards, and the 

tTocedures actual designation of attendance zone bo'iiidaries. 

1. Data Collection . Three kinds of information must be assembled: 

Enrollment. Projected student enrollment mMst be c<o(],.c( d by small areas or 
grids, and by grade organization throughout the district. .iecl;miques for making 
projections by area and grid organization are described in Pn^apter 3, Enrollment 
Component. It should be noted that the model minimizes transportation distance 
for a particular year. Therefore, when attendance? areas are being established to 
last for more than a year or when a site is being selected, repeating the procedures 
for different years may be appropriate to account for the anticipated change In 
projected enrollments. 

School Capacity. The ability of each school within a grade organization to 
accomodate students mujt be determined. This will have been calculated in 
ChapU?r 4. Facility Component. Capacity is measured in terms of potential 
students that could be housed, given the physical school space and the district's 
space standards. 

P^stancc. The distance from the approximate center of population of each area to 
each school must be measured in either time, miles, or travel expense. The user 
should decide which measure of distance is most suitable. For example, a school 
district which covers a large geographic area and contains one or more highways 
might show large distances between various residential locations and schools 
within the district, but, because of the highways, might be characterized by travel 
times well within acceptable limits. Such a district should consider measairing in 
travel time as opposed to physical distance. If the user chooses to calculate 
distance in mileage, the measurement should be done using a street map to 
determine the mileage over the most direct street route as opposed to straight line 
distances from each grid to each school. 

Minority Data. If racial balance is to be one of the criteria in designating 
attendance areas, two additional types of information must bp determined: An 
estimate of minority population per grid, and the upper and lower minority 
percent limits to be allowed by school. 

To illustrate these procedures the following example of an elementary school 
s>'stem is presented. The di.slrict has been divided into ten grids (n-10). It has five 
schools (m-5). The distances from each grid to each school have been calculated 
as showTi in Figure 6-2. 

The elementary students have been projected by grid and placed in the far right 
column. The capacity of each school has been determfaied and placed in the 
bottom row. 
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FIGURE 6-2 SAMPLE DISTANCE MATRIX 



Grids 


1 


2 


Schools 
3 


4 


5 


Projected 
Enrollment 
by Grid 


1 


4 


5 


3 


2 


1 


100 


2 


2 


«3 


4 


4 


5 




3 


3 


2 


1 


2 


Q 
o 




4 


4 


5 


1 


2 


Q 
O 




5 


4 


5 


5 


X 


1 
1 




6 


2 


3 


4 


5 


o 




7 


1 


7i 


4 


5 


3 


150 


8 


2 


1 


2 


3 


4 


2L0 


9 


5 


1 


2 


3 


4 


200 


10 


5 


5 


1 


1 


2 


30U 


Enrollment 
Capacit / 


400 


500 


500 


300 


600 


^■^^-^2200 
2300^^-^^^ 



by -! 



2. Input Card Preparation . This data must be converted to punch cards according to the 
formatting rules that are provided in Appendix A. BOUND requires four types of input 
cards as illustrated below. The actual number of cards required will vary with the scope 
of the problem. The example presented above would require eleven cards. 



Size Card. The first card records the number of schools in the grade organization 
that is being analyzed, (Columns 4-5), and the number of areas or grids for which 
enrollment will be estimated (Columns 8-10). 
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Enrollment Card . The next card type records the enrollment per grid. As many as 
eight entries are permitted per card. Thus, two enrollment cards would be 
necessary to enter the student population associated with the example. 
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Capacity Card . The school capacities are also punched with up to eight entries per 
card. As there are five schools in the example, only one card would be needed. 
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Distance Card. The final input required is the distance from ever>' ^^rid to ever>' 
school. As there are five schools and ten grids in the present example, fifty 
distances must be entered. The distances to all schools from Grid 1 are listed first, 
followed by the distances to all schools from Grid 2, etc. Again eight entries are 
made per card. In the example, six full cards and one partially punch^jd card 
would be necessar\'- 
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Iti order to run RBOUNDt additional data must be determined and entered* 
Following the previous example, the minority population must be estimated for 
each of the grids. Suppose that these populations were estimated as reflected in 
the second row of Figure 6-3. The third row contains the previously determined 
student population data by grid. The fourth row is developed by dividing the 
second row by the third row. These fourth row percentages are input to 
RBOUND. 



FIGURE 6-3 ESTLMATED MINORITY POPULATION 
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It is evident from the figure that the total minority population of the district is 
440 while the total population is 2200. Thus the minority percentage of the 
district as a whole is twenty percent (B-.20). As.sume in the example that the 
school board has established a policy that each school contain a minority 
enrollment between fifteen percent and twenty-five percent (V-.05). 
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Input to RBOUND for this example would consist of the eleven cards already 
prepared for BODlsD, followed by three more cards: 



Racial Composition Card. The minority student population as a percentage of 
total student population is entered first (Columns 8-10), followed by the 
percentage that any one school is allowed to vary from this figure (Columns 
18-20). Both entries must be in decimal form. 
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Grid Minori ty Percentage Card . The minority fractions per grid are punched, with 
the decimal poin*,, in groups of eight per card. Two cards an? required to enter 
data for the ten grids in this example. 
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Some consideration of problem size must be made prior to running the programs. 
The amount of storage required by BOUND and RBOUND will vary with the size 
of the problem to be solved. In certain instances it will be necessary to vary the 
dimensions of the problem to permit the solution of larger problems. The exact 
amount of storage required is a function of both m, the number of schools, and /i, 
the number of grids, as specified in Appendix B. 

Boundary- Idpntification. The printout will Indicate which students should be assigned 
to which schools in order to minlmi?,e the total distance traveled. In most cases all the 
students in a given grid will be assigned to one school. HoWevor, In some Instances the 
grid enrollment must be divided among schools. This division should be made 
judgmentally so that the appropriate proportion of students within the grid is assigned 
to the correct schools, while at the same time selecting natural or reasonable 
boundaries. One approach is to assume an equal yield of students per dwelling, and 
then to allocate residential blocks to schools using a land use map or aerial photograph. 
If mort detailed information is available concerning the distribution of students within 
the grid, it should, of course, be used. 



The final task Is to adjust the attendance boundaries so that natural division lines ore 
respected. Thus highways, railroad tracks, creeks, and other man-made or natural 
features should be selected that are located as c?ose as possible to the grid boundarir??, 
This process wil! depend on the knowledge and judgement of the user rather than on 
any mechanical procedures. It will be simplified if the areas or giids were initially 
defined using natural, instead of arbitrary, Kou.-^ :.?ries. 



6.3 Site Selection A basic assumption of the Boundary Analysis Module is that the number and location of 

^^^^^^^ schools operating in the district are known. However, the question of which schools should 

be opened or premitted to remain open is often a more fundamental question. This 
locational issue is critical to school facility planning. It must be answered prior to 
determining the boundaries of attendance zones. The objective of the Site Selection Module 
is to provide some guidance in decisions of this nature. It should be noted that the topic of 
site selection has only recently been examined by individuals skilled in operations research 
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and management science. Typical of the recent literature on this topic is the study 
performed by Fred L. Hall for the SIMU School Project.* ^ 

The School Facility Planning Project sets aside sophisticated programming techniques in 
favor of a more heuristic application of the methods developed in the preceeding sections 
ihis approach consists of developing a number of school construction and/or closing 
options, and then evaluating the cost of each strategy, using the methods discussed elsewhere 
in this report. Student transportation cost is, of course, only one of many factors to be 
considered in the site selection process. Others have been identified in Chapter 8. 

n?rl In situations where projected enrollment decline will permit the closing of one or more 

Pr^i?.,«., ' ^ °^ addressed. The functional obsolescence, operating 

Procedures expenses proximity to other schools, potential alternative uses, and neighborhood concerns 

must all be examined. However, where consideration of these factors fails to produce a single 
best school closing site, the total transportation distance required of all students, given each 
school closing alternative, may be worth reviewing. 

The procedures are the same as those described in Section 6.2. Simply eliminate one of the 
potential school closing sites from the original distance matrix (See Figure 6-2), and make 
the necessary changes on the input cards. Run the program and note the minimum feasible 
total distance traveled by students to the existing schools. Then beginning with the original 
distance matrix, remove an alternative potential closing site and follow the procedures for 
determining the optimal distribution of students given that configuration of remaining 
schools. Record the total distance traveled. 

Comparison of the total distances traveled under each alternative school closing will reveal 
which school should be closed in order to minimize the distance traveled by students. This 
best" alternative should then be weighed against other evaluation criteria before the final 
site is selected. 

To be conducted properly the analysis should be run for that year in the planning period 
that IS designated as the decision focus. The proposed closing/construction site that 
minimizes student travel distance for next year, may be far from an optimal solution five or 
ten years into the future. This potential disparity will necessita.- a decision regarding the 
appropriate year in the planning period for which to design. Reviev of Chapter 1, Section 
1.4, will assist in selectinp this time frame. Alternatively, runs can be made for all facility 
plan options and for all years of the planning period. Then the cost of transportation could 
be summed for all years, thereby determining the total transportation cost associated with 
each option over the planning period. In terms of transportation criteria alone, that school 
should be closed which BOUND indicates would be least utilized under an optimal 
assignment of students. 

£n^r!,.Hnn ^" 'he construction of new facilities, a similar approach will apply. A finite 

l^nstruction number of potential school sites will usually be available. If none of these sites is an obvious 

ttocedures choice on the basis of the school and construction requirements, travel distance 

considerations may be appropriate. 

The same procedures will determine which new site will minimize combined distance 
traveled by students to school. Choose any new site and add it to the original distance 
matrix along with the distances from each grid to that site. Assign the maximum feasible 
enrollment capacity to the new school as determined by construction costs, site size, 
availability of funds, and other factors. Modify the inp .it cards and run the program. 

If the optimal solution assigns a number of students to the new site substantially less than 
the school's maximum capacity, then the capacity of the new siL- could be reduced with no 
change in the optimal solution Calculate the total distance traveled under the enrollment 
distnbution. Repeat this procedure with a second new site and record the new total distance 
traveled. Once this has been done far all potential new sites, they may be ranked according 
to total distances traveled by students. The resulting transportation cost estimates can be 
used, along with enrollment capacity requirements determined for each new site, in 



9^ 115 



6.3.2 School 
Constr 
Procedures 



determining the most appropriate location. 



Some users may be able to devise an approach whereby the total transportation cost 
associated with each plan option is added to the total operating and construction cost. In the 
absence of other considerations, that plan with the smallest total cost will then be selected as 
the best course of action. This process will require weighing the relative importance of 
personnel versus capita! costs, a task that will demand concensus on the part of all those 
involved in the district's planning. 



6.4 Anal>sis 



6.4.1 Sources of 



From the mathematical standpoint, both BOUND and RBOUND are guaranteed to develop 
eventually the optimal solution for the data presented. The validity of that solution, 
however, depends on more than the proper functioning of the program. Various sources of 
possible error exist in the formulation of the problem. 

For the sake of simplicity, students must be projected in terms of geographic subdivisions of 
«*>strict as a whole. The method of drawing these small areas or grids is important if 
potential error is to be limited. The effect of the grid or cluster approach is to assume that 
all students in the grid live approximately the same distance from a given school. Clearly 
when a grid is drawn in such a way that it is long and narrow, this assumption will not be 
reasonable. For this reason, grids should be made as compact and small as possible, within 
the constraints of data collection and computer size. 

A second source of potential error arises in the method of designating grid-school distances. 
The rule to follow Is \o n^^fijn the distance from the center of population in the grid, not 
from iho gc-jgraphic center of the grid. Special care should be taken for grids that Indude 
portions oi spsrs^ly populated areas, such as parks and business districts. 

Still another source of error may derive from the technique used assign distance. As 
previously noted, a measurement of straight line or "crow-flight" distance on the map may 
be misleading. Instead, the most likely travel route should be considered, with allowance 
made for time delays such as would occur in congested areas or slow zones. Some users 
will want to attempt calculating the transportation costs of maintaining and operating a fleet 
of bus-s, and the "good will'' cost of requiring students to walk substantial distances to their 
assigned schools. 

Finally, the dangers of basing plans on uncertain population forecasts must be recognized. 
Even when projections can be made on a district-wide basis with tolerable accuracy^ 
attemptsto disaggregate these forecasts to small areas or grids may be extremely unreliable. 
Such uncertainty should discourage assigning too much weight to planning strategies that are 
based on very long-range projections of student geographic distribution. 

No attempt has been made to assess the quantitative effects associated with each of the 
above sources of error. In the final analysis, however, the school admhiistrator's assessment 
of the realism of the results generated should prevmil over numerical accuracy. Users are 
encouraged to experiment with various concepts of distance and cost to arrive at a realistic 
estimate of total cost in the district. 



6.4.2 Data 



Beyond the basic definition of grid boundaries and distance tau.es, the school district 
Consiuerations administrator may wish to introduce additional local constraints that prevail in the district. 

A number of "tricks" in formulating the input data will make this possible. However, such 
variation- as outlined below should be conducted with caution. Because the input data will 
be fictitious, the final estimate of total cost will be wrong, and hence subject to 
misinterpretation. 

Barriere. Every school district is characterized by certain routes between students and 
schools that are either undesirable or impossible to travel. A trip that requires students to 
cross several railroad tracks or busy arterial streets, or to pass though an industrial or 
commercial zone will typically be discouraged by school board policy. Other paths between 
students and schools may be relatively short In strai^t line distance, but because of barriers 
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like a river or limited access highway may require considerably longer travel distances. 

Impediments of this sort can be easily incorporated into the distance matrix. The user must 
remember simp.y to reHect the probable travel distance (or time or cost) between every grid 
and school, rather than the straight line distance. If, for any reason, it is decided that no 
students should be assigned from a given grid to a given school, this can be assured by 
designating an arbitrarily high distance for that square in the matrix. A statement to the 
effect that there are ninety -nine miles between a particular grid and school will effectively 
preclude any possible interaction between that grid and school. 

Walking to School. Some districts may want to consider a policy whereby all children 
withm a defined distance of a school are assigned to that school. This will be particularly 
appropriate where a district requires all students living within one mile of a school to walk, 
thereby reducing school i)ussing costs. This policy may not always be possible if, at the same 
time, the board does not desire to expand the capacity of a school and/or wants to minimize 
total student trave. distance. However, the poliry can be explicitly considered in formulating 
the distance matrix. * 

The specific policy must be geographically displayed on a map containing schools and grid 
boundaries. The simplest approach is to draw circles around each school whose radius is 
equal to the required walking distance. Each circle would have to be modified to account for 
any barriers of the type described alove. All students falling inside a circle are then assigned 
to that school. In some instances the complete grid will be assigned. More often only a 
section of the grid will be affected, in which cases a proportionate estimate of grid 
enrollment will have to be made. 

The total capacity of each school should then be reduced by the number of students 
assigned to tha'. school. Similarly, where necessary, each grid must be reduced by the 
students designated to walk to a school. A revised distance matrix can then be prepared that 
reflects the remaining unused school capacity and unassigned students in each area. In 
situations where the complete school capacity is consumed by walking students, and/or the 
complete grid enrollment is assigned, each must be dropped from the new matrix. Once the 
input cards are prepared, the program can be run to determine the optimal allocation of 
non -walking students. 

Equalizing Capacity. Occasionally the minimum travel distance solution will result in an 
allocation plan that badly underutilizes a given school. This will be especially true in 
situations where the district as a whole has considerable excess capacity or the population 
has shifted away from certain sections of the city. The school board may understandably 
Identify some percentage of capacity below which no school is allowed to fall. The policy 
might be alternatively stated so that the range between the most utilized and the least 
utilized school never exceeded a certain amount. 

The effect of this policy is to include an additional constraint to the allocation problem The 
constraint can be considered by altering the existing capacity of schools in the distance 
matrix, and recalculating the minimum travel distance solution. Thus, if the optimal solution 
achieved using actual school capacities revealed one or more schools to be severely 
under utilized while others were at or near capacity, an adjustment might be in order. 

The difference between total capacity for all schools and total enrollments is the total excess 
capacity m the district. In situations where the possibility of school closings is to be 
considered, the site selection procedures should be used. If an equal distribution of excess 
capacity among all schools is desired, new fictitious capacities will have to be determined 
The capacity of each school should be reduced by applying the percent of district-wide 
capacity attributable to that school against the total excess capacity. For example 
Elementary School A with cmpacity for 400 students might constitute eight percent of the' 
total elementary school capacity. If on a district-wide basis 1,200 seats of the 5,000 total 
capacity were considered excess, then the new capacity for school A would be designated as 
304 students, or eight percent of 1,200 (96) subtracted from 400. School B with an actual 
capacity of 250 students would be recalculated to have a capacity of 190 students 
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Execution of BOUND or RBOUND using the new school capacity figures will yield an 
optimal distribution of students within the guidelines that excess capacity be equally 
distributed among all schools. 

Some problem constraints may bo complicated to the extent that no modification of the 
input data will be sufficient to resolve the situation. Consider, for example, a policy that all 
minority students in a particuair grid be sent to a particular school, while all other students 
be assigned to the schools that would minimize total transportation distance. In this case, 
the constraint would require modifying the program RBOUND, rather than simply 
manipulating the input data. 

The final observation in this section concerns program size and time. The program BOUND 
was executed using the dita of the example on the IBM 370 model 145 computer with 52K 
bytes of storage. It required less than fifteen seconds of execution time. But the speed of 
execution for this rathei sim?;i!e problem is misleading. For a medium-sized school district 
consisting of seven schools and thirty -eight grids, lOOK bytes of memory were required and 
the program ran fifteen minutes to completion. 

If the user has a larger problem and finds the time and stprage excessive, there are several 
alternatives. One would involve running the problem at a data processing service bureau 
where the proprietar>' software is likely to include the most recent and efficient linear 
programming techniques. A second approach would be to program the "stepping stone'* 
method discussed in the manual version of the User's Handbook. This method is much more 
efficient in both required memory and speed of execution but it is adaptable only to the 
problem solved by BOUND, and not to the more general problem. It could not be used to 
assign students to schools in districts where racial constraints were considered important. 



Notes: 

* SIMPLX is the name assigned to a program presented by Claude McMillan and Richard 
Gonzalez in Systems Analysis: A Computer Approach to Decision Models, Richard D. 
Irwin, Homewood,Illiniois, 1968. It executes the SIMPLEX algorithm as developed by 
Dr. George Dantzig in 1952. 

* See Fred L. Hall, "A Preliminary Evaluation of an Optimizing Technique for Use in 
Selecting New School Locations" in Educational Facilities Planning in Chicago. Ashraf 
S. Mansi, Editor, Project SIMU School: Chicago Component, Chicago Public Schools, 
Chicago, Illinois, 1974. Hall has developed a model for determining locations for new 
schools by using the technique of integer programming. In terms of the previously 
discussed boundary area analysis techniques, Mr. Hall generalizes the model to 
introduce for each potential school a variable whose value will be either one or zero (it 
cannot be a fractional value). The value of this variable indicates whether a school is to 
be opened or not. The model is designed to optimize total travel time over the district. 
Though limited in approach, the model is an ambitious beginning toward a 
mathematically precise solution of the optimization problem. 
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Chapter 7* Project 

Organization 

A school district should recognize the purpose and capabilities of the School Facility 
Planning System before deciding to use it. The System is designed to assist in the general 
analysis and formulation of a long-range school facility plan. This involves what the Council 
of Educational Facility r lanner's Guide calls "the educational facilities survey" and "Master 
Plan." The System does not address that detailed planning which must precede the 
construction or remodeling of a specific building. Thus, any school district that has already 
made basic decisions as to desired school closings or school construction, and is now 
concerned with the implementation of such projects will have little use for this System. 

The fundamental steps involved in any major long-range planning effort are refected in 
Figure 7-1. The analytical components have been designed to assist school districts in the 
situation analysis and alternative plan preparation stages. Chapter 7 focuses on the 
preparatory activity that should precede actual use of the School Facility Planning System 
whenever a large scale project is desired. 



7.1 



Project 
Initiation 



The idea to initiate development of a general school facilities plan may be derived from 
many sources. It may reflect recognition of a need on the part of a school superintendent, 
members of the school board, state officials, or citizens within the community. 

It may often result from an immediate problem, such as a crowded school or a situation 
involving racial imbalance. No matter what the source of the idea, the successful project will 
be possible only if it is endorsed and supported by both the superintendent and the school 
board. 



\2 Project The success of the project will depend directly on the people assigned to it, and the initial 

Organization considerations given to its purpose. These factors are examined below: 
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7.2.1 



7.2.2 



Project Leader 
Designation 



Study Guide 
Preparation 



Once the project is initiated, the superintendent must provide overall guidance and remain 
informed as to the project status. Responsibility for the day-to-day operational control 
should usually be delegated to a high-level staff assistant, such as an assistant superintendent, 
or, in some of the larger districts, the chief school planner. In most cases the project leader 
should be a generalist, able to communicate with a variety of specialized individuals. Direct 
access to the .superintendent is essentijii. 

Working logethcr, the project leader and the school superintendent must give initial thought 
to the kind of study that will be conducted — its breadth, depth, and overall emphasis. At a 
minimum, this initial preparation should include: 

Statement of the Problem. A written description, in not more than two or three pages, of 
the problem. This might include identification of genera! concern for many aspects, or 
specific concern for erratic enrollment trends, an uncertain fiscal situation or some similar 
issue. 



Review of Resources. Consideration must be given to the available talent, funding, and data. 
Potential individuals on the school staff, in professional planning agencies, and in the 
community at large should be considered in terms of their skill and available time. The 
available funding will, of course, determine the amount of data collection activity, data 
processing services, and professional consulting advice feasible. Conducting an overview of 
available data may require three or four days of local trips and telephone calls. The survey 
should include the extent to which school district information is already in machine readable 
form, or \r such shape that it could easily be converted. It should reveal any previous studies 
which have been conducted and may still be partially relevant, and it should identify 
potentially useful analysis and projections as prepared by the local planning department, 
utility companies. Chambers of Commerce, and other community institutions. 

Review Community Situation. The community served by the school district will possess a 
variety of educational concerns. While many of these will have little bearing on the facility 
planning process, nevertheless the study must be sensitive to these concerns and the way in 
which they might be affected by the study results. If the study focus involves questions of 
racial balance, potential bond issues, and/or potential school closings, careful attention must 
be directed to the establishment of policies for releasing information to the public. The 
community review should also identify potential leaders to participate in the study, either in 
a technical or general review capacity 

The above con.siderations should all be made in light of the analysis that will be possible 
using the School Facility Planning System, and/or some similar techniques.* The severity of 
the problem, the available resources, and the overall community situation will, in large part, 
prescribe the t>'pe of analysis that is feasible and desirable. 

A preliminary Study Guide should be developed that reflects these considerations. 
Consisting of not more than five or six pages, this report should provide preliminary 
suggestions as to the planning process which is believed appropriate. The report should 
contain initial recommendations regarding the following: 

Manual or Computer-Based Version. A tentative recommendation regarding the use of the 
manual or computer-based version should be stated. This should be supported with a brief 
analysis of the probable effort required to implement each version. Attention should be 
directed to the possible additional benefits to be realized from the computer-based version in 
terms of accuracy, time saved and easy examination of alternative policies versus likely 
additional costs. 



The Planning Horizon A tentative recommendation should be made as to the time period 
for which forecasts will be appropriate. Some districts may be satisfied with a five-year 



♦Administrators possessing the resources for a major facilities study may want to consider 
using products developed under the SDVIU School Project. Particular attention is directed to 
the ENSIM 1 and 2 programs developed in Santa Clara, California, and the EDPLAN 
projection programs developed in Dallas, Texas. 
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FIGURE 7-1 SCHOOL FACILITY PLANNING PROCESS 
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t Structural and 
Uternatives. 



FACILITY PLAN SELECTION 

Adopt the Plan That Best Achieves 
Desired Standards, Policies and 
Goals. 



PLAN IMPLEMENTATION 



Initiate Recommendations Necessary 
To Implement the Plan, 



PLAN EVALUATION 



Review Plan's Relevance in Light of 
New Conditions and Goals. 



forecast, whereas others will want to analyze expected trends for a fifteen or twenty-year 
period. Considerations outlined in Chapter 1 as to the confidence placed in forecasts, and 
the costs of making forecasting mistakes must be reviewed. 



System Components, Because the School Facility Planning System's components are 
modular, they may be implemented on an individual or collective basis. Those districts 
which do not perceive a problem in a ^iven area, or which already have projections derived 
from independent analysis, may choose not to consider a given component. 

Level of Analysis. Every component within the School Facility Planning System permits 
different levels of analysis. Enrollment projections can be made on a general district-wide 
basis, or for specific sub-areas by grade and racial composition. Similarly, the facility and 
financial analysis can be conducted at very general or specific levels. The study plan should 
attempt to identify that level of analysis considered appropriate. 

It must be emphasized that any recommendations presented in the Study Guide should be 
made on a very preliminary basis, with the idea that they can be revised after the full study 
team has been selected and had a chance to conduct further research. 



Team Personnel . The size and composition of the research team will vary, depending upon 
the scope of the problems to be studied. Small districts that do not envision an in-depth 
study may be satisfied with only one or two participants. Larger districts undertaking a 
major comprehensive plan may desire a team of six or more individuals. 

The degree to which each individual is involved will vary with the stage of the project. For 
example, individuals with demographic skills will probably expend most of their efforts 
before those individuals conducting the financial analysis. Nevertheless, it is best to identify 
all team members at the beginning of the project and to meet periodically on a group basis. 

On most large studies, a professior 1 community planner-architect is recommended. Such an 
individual should be capable of providing an independent perspective of probable long-range 
community development trends. In some school districts, this kind of individual may be 
available from the State Department of Education. In other districts, the services of a local 
public or private planning firm may be desirable. 

Under the direction of the project leader, the research team's first assignment should be the 
examination and revision of the preliminary Study Guide. 

Responsibilities . Research responsibilities should be assigned with careful attention to 
individual capabilities and the magnitude of the project. Responsibility must be assigned for 
each of the components that will be used. 

1. Enrollment Forecast. To the extent possible this should be assigned to an 
individual with quantitative or statistical skills. He or she may be assisted by one or 
more individuals with some experience in long-range planning and the ability to 
consider alternative assumptions. 

2. Existing Facility Inventory. If a detailed inventory is desired, a professional 
architect and engineer should be retained. This will be necessary if extensive 
consideration of the future adequacy of each building is to be made. Districts 
undertaking a less detailed inventory may assign a maintenance supervisor or other 
administrative staff member to the task. 

3. Standards and Policies. This task should fc? undertaken by an individual familiar 
with the overall educational philosophy and curriculum plans in the district. Some 
school districts may want to establish a separate committee to develop or revise a 
district-wide organization plan which will yield this information. 

4. Financial Analysis. Typically this will be conducted by the school business 
officer, perhaps assisted by a bond attorney or some other individual with financial 
experience. 

5. Public Relations. Responsibility should be assigned to one individual for 
coordinating the release of information to the public. Poorly interpreted information or 
its untimely release can be damaging to a research effort; therefore this activity must be 



7.2.3 



Assemble 
Research Team 



Having given some initial thought to the focus and detail of the facility study, the 
superintendent will select and structure the study team. 





closely controlled. Prudr^nt communications planning can also result in building a sense 
of community aw^iiiiess and support for the facility plan. 

6. Data Collection. Some research projects may be of such magnitude that a separate 
team is needed for data collection. 

Schedule. The school superintendent and board should establish a research schedule. A 
typical schedule may vary anywhere from four to twelve months in duration. The schedule 
should include anticipated completion dates of intermediate research phases and 
recommended release dates for selected research findings. In addition to these recommended 
deadlines, the schedule should provide for a routine meeting of the study group at least 
every three or four weeks. 

Advisory Committee. In many districts, it will be advisable to supplement the research 
activities of the study team with a citizen's advisory committee. Depending upon the desires 
of the school superintendent and the board, such a committee can serve several purposes. 
Potential contributions include providing general project direction, establishing contacts 
with various community agencies, and formally endorsing the final school facilities plan. 
Some districts may engage the advisory committee in research activities; other districts will 
prefer that its role be limited to reviewing plans after they have been prepared by the staff. 

The composition, responsibilities, and schedule of both the study tc i and any advisory 
committees must be incorporate into the revised Study Guide. This set of 
recommendations should then pro\,vic sufficient information to guide all research activities 
during subsequent months. The document need n.«nt be formal, but it should be reviewed and 
endorsed by both the superintendent and the school board. As such, it should clearly state 
the nature of the end-product which the board can expect. In some cases, this product will 
consist of the one plan which the study team considers best suited to accommodate future 
trends in the district. Other boards may prefer a series of alternative plans from which they 
can select. 

There is no one best approach to the planning process. It must be tailored to the unique 
conditions that characterize a given school district. However, in most cases f he successful 
school facilities plan will directly reflect the amount of thought and commitment devoted to 
the particular planning process by which it was developed. 
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Chapter 8 •* Planning 

Considerations 

Previous chapters have outlined the mechanics of the School Facility Planning System and 
the considerations to be made in organizing a facility planning project. The purpose of this 
chapter is to assist the user in selected aspects of the planning process. The initial section 
suggests ideas to consider in the design or formulation of specific facility plans. The next 
section provides suggestions for conducting a background analysis and specifies data 
necessary to support the System. The final section outlines considerations to be made in 
re-running the System and revising the plan in subsequent years. 

For some experienced administrators the chapter will be quite basic. Those concerned only 
with the specific system instructions, or those who have a distinct facility plan which they 
desire to test may wish to slam the material. On the other hand, those with less experience 
in facility planning or wiUi no definite solution to their school situation in mind will 
probably find it helpful. 

The steps that constitute the facility planning process have been reviewed in Chapter 7 
"Project Organization." They include: 




1. Project Initiation 

2. Project Organization 

3. Situation Analysis 

4. Alternative Plan Preparation 

5. Plan Selection 

6. Plan Implementation 

7. Plan Evaluation 

The four major components that make up the School Facility Planning System have been 
developed to assist in analyzing a unique school district situation^ and in the testing and 
evaluating that lead to the selection of a plan among several feasible alternatives. However, 
no component specifically addresses the procedures whereby alternative facility solutions are 



121 



117 



formulated. With few exceptions, this process cannot be reduced to a specific formula or 
series of discrete steps, but must depend on the judgement and intuition of the user. 



8.1.1 



Situation 
Analysis 



8.1.2 



Plan Design 



Prior to discussing specific plan formulation considerations, it may be useful to review the 
nature of the facility planning problem. The school planner's assignment is not unlike that of 
many other public or private corporation planners. The first task is to project the demand 
for a product, (in this case education), and then to translate that general demand into a set of 
specific requirements necessary to meet it. 

The difference between required space and existing space (as estimated in the Facility 
Component) will represent a measure of the ability of the school district's existing facilities 
to accommodate expected future levels of demand. When the school capacity is anticipated 
to fall below projected demand, or when the projected demand is anticipated to fall far 
below existing capacity, a definitive facility plan will usually be required. 

In most situations the school district will be presented with a substantial number of options. 
Some of these options imply significant investments or disinvestments in the school plant 
(e.g., the construction or abandonment of a school building). Other options may be termed 
"non-structural." Since the capacity of a school may be significantly altered by modifying 
district standards and policies, the actual building or closing of a facility should be only one 
of many choices to be considered. 

When analysis of the local situation reveals that an unsatisfactory condition exists or is 
projected to exist, a series of potential solutions must be developed. No one approach is 
necessarily more correct than others in formulating these alternatives. 



The challenge is to prepare a reasonable number of options that can be subjected to critical 
review by the staff, school board, and community. Typically, a range of alternatives should 
be sought that neither concentrates solely on the most expedient solutions nor focuses on 
too many "far out" alternatives which from a practical viev/point could never succeed. The 
first approach may miss non-conventional, but potentially feasible solutions; the second 
approach will often be conducted at the cost of wasted time, false hopes, and increased 
frustration. Unfortunately, there is no way to generalize about the proper focus. 
Consideration of the twc .ve-month school year, a "school without walls," or a tax rate 
increase, for example, may be very legitimate options in some communities, while being 
completely unrealistic in others. 

In general, those districts with the time to examine the trade-offs associated with a variety of 
different solutions will produce a better plan. At minimum, each solution should be 
evaluated in light of the following considerations: 

— Capacity. The extent to which the solution is likely to accommodate projected 
enrollments while remaining within the school system's range of acceptable standards 
and policy criteria. 

— Existing Facilities. The extent to which the solution makes the best possible use or 
reuse of the school system's existing physical plant, 

— Ed I'cational Philosophy . The extent to which the solution meets the school board's 
and the community's goals, as reflected by the desired instructional program. 

— Financial Resources. The extent to which the solution can be accomplished within 
operating and capital cost limits acceptable to the community. 

— Location. The extent to which the solution meets the travel time, attendance area 
composition, and other geographic guidelines as desired by the local community and 
state or federal officials. 



8.1.2.1 Enrollment Decline • 
Surplus Space 



A list of the basic options to be considered in formulating alternative plans is outlined 
below. These options are presented for two different community situations, projected 
enrollment decline and projected enrollment growth. 

School districts characterized by substantial surplus capacity should consider the following 
options: 
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— Revised allocation of students 

— Improved educational facility standards 

— Increased number of multi-purpose school facilities 

— Increased number of community -oriented facilities within the school 

— School closing 

These alternatives can be examined individually or in combination with one another. 

Revised Allocation of Students. A major concern of many school administrators confronted 
with surplus space is the geographic distribution of this space. The surplus space may be 
concentrated in different grade levels or may be limited to a certain geographic area within 
the school system. There may, in fact, be significant shortages of space in some areas even 
though the district has an overall excess of capacity. This is a relatively common 
phenomenon, especially in those school districts where residential development has occurred 
rapidly and unevenly. In these situations several options may be possible. Reassignment of 
certain classes from the crowded schools to the less crowded schools may be the simplest 
step. Selected high school classes, for example, might be required to meet in elementary 
school teaching spaces. Another approach would involve grade reorganization. In a district 
characterized by a surplus of elementary school space and a shortage of secondary space, 
reorganization from a K-6, 7-9, 10-12 system to a K-8, 9-12 system might be desirable. The 
impact of any hypothetical reorganization can, of course, be tested using the Facility 
Component. 

If the problem is one of geographic distribution, with certain sections of the district having 
surplus space while other areas are over-crowded, then changing attendance boundaries may 
be desirable. Here the primary trade-off will be between less crowded facilities and 
potentially higher transportation costs as defined in terms of additional bussing requirements 
or student travel time. The Geographic Component should help the user consider the 
feasibility of new attendance boundaries and their accompanying cost implications. 

Improved Educational Facility Standards. Surplus space within the school system may 
permit improvement of certain standards and policies. For example, a school system may be 
able to relax its current double or staggered sessions policy, or reduce the number of 
students per teaching space. In this situation it is important to examine the extent to which 
the excess space is evenly distributed for all types of space and to determine whether 
selected facility types are still in short supply. Thus, the opportunity may exist for the 
conversion of surplus educational space into needed laboratory or vocational educational 
facilities. 

A decision to increase the amount of space per child will have implications for the school 
system's operating budget. In most cases a reduction of the number of children per teaching 
space implies a need for additional teachers. Janitorial, supply and other supporting services 
may also need to be expandc'd. 

Increase the Number of Multi-Purpose Schoo l Rooms. Surplus space may allow a flexibility 
that was not previously possible. Teaching spaces may be used for study halls, student club 
rooms, special project rooms, and for various other student uses. Similarly, additional 
storage rooms, teachers' lounges, meeting rooms, and other spaces useful to the 
administration may become possible. 

The advantages of this versatility must, of course, be evaluated in light of the ongoing 
overhead costs of these spaces as well as the cost of modernizing or rehabilifnting them. 

Increase the Number of Community-Oriented Facilities . School systems with considerable 
unused space may be in a position to serve the community in terms of more than just the 
education of children. Excess space may be appropriate for a variety of uses, such as senior 
citizen activities, day care centers, public interest group meetings, or even selected municipal 
functions such as libraries or health clinics. 

Introducing this kind of mixed activity into an operating school raises questions about the 
effects on traffic, parking, and the educational environment. The use of surplus space for 
various community activities must not be allowed to interfere with the primary 
purpose — the education of students. Therefore, separate entrances, additional parking, and 
other such considerations must be carefully evaluated. 
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In situations where the community use of school facilities is possible, the issue of rent or 
fees must be considered. This will require an examination of the value of potential revenue if 
the going market price were to be charged versus the goodwill which might be obtained from 
a nominal rent or fee basis. 



School Closing. When the surplus space within a school system reaches a certain level, the 
benefits associated with each of the above alternatives may be outweighed by the cost of 
maintaining one or more unnecessary schools. In such situations several difficult and 
interrelated questions must be addressed: How many schools to close; which schools to 
dose; when to close them; and how to dispose of them? 

How Many Schools to Close? The number of schools to be closed must be decided in light 
of many variables. These include: 

— The amount of surplus space projected to exist and the user's confidence in that 
projection. 

— The desired standards which are to apply to the remaining school space such as the 
maximum acceptable students per teaching space or square feet per student. 

— The school's carrying costs in terms of both direct costs, such as insurance, 
maintenance, utilities, central administrative staff, and opportunity costs, such as 
potential sales revenue to the school system and the community benefits that could be 
realized if the school were converted to another use. 

— The community concern associated with a school closing and the subsequent 
redrawing of attendance area boundaries. 

Which Schools to Close? A related issue is the question of which schools to close. Each 
pertinent factor must be examined from the perspective of the school district and the overall 
community. Each existing school facility should be evaluated in terms of the following 
criteria: 



— Structural conditions . What is the current condition of the building in terms of 
safety, usability, and amenities? What is the probability of significant problems, such as 
the need for a new furnace, major roof repairs, or other large scale maintenance costs? 

~" St ructural flexibility. How readily could the building be modernized to serve 
alternative uses? Do the design and construction characteristics lend themselves to 
cost-effective rehabilitation? 




— School operating costs. What are the current operating costs in terms of 
administrators, maintenance personnel, lighting and heating, and vandalism repair? 
Note that in deciding between closing two small schools versus one large school, the 
amount of space in question may be identical, but the associated operating costs may 
be quite different. 

— School location. How will transportation times or distances and attendance area 
composition be affected by the school closing? Is the school in a neighborhood that is 
expected to have more, rather than fewer, children in future years? 

— Site conditions : How much of an asset is the school site? What is its value as a 
recreation area, a neighborhood park, a community focal point? What potential does 
the site have for future school system needs? 

— Immediate neighborhood concerns: How strongly do the neighboring citizens feel 
about the school? How would they react to alternative public or private uses? 

^ Unnd use flexibility: In light of zoning, access, surrounding activity, and available 
parking, how compatible would different uses be? Could the school be transformed to 
commercial or industrial use without causing major neighborhood disruption? 

~ Conversion potential : How easily could the school be converted to a new 
non-educational use given its facade, interior walls, and construction characteristics? 
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What demand for alternative uses exists in the area? 
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Wh_en^to Close a School? The timing of any school closing is important. Consideration must 
be given to such factors as current and expected interest rates, rates of inflation, as well as 
the expected future characteristics of the immediately surrounding area. 

Disposition. A fourth interrelated issue concerns the method selected for the disposition of 
a school. The school system must decide whether to sell, grant a long-term lease, or simply 
"mothball" an unnecessary school. This decision will be determined partly by the 
confidence the district has in its enrollment projections, and partly by its willingness to 
assunie risks. 

Once a decision to sell or lease the facility has been made, another issue will be that of price. 
The district may elect to maximize its revenue by selling to the highest bidder; it may choose 
to sell at a reasonable price to a worthy buyer; or it may donate the facility at a nominal fee 
or free. The district's fiscal situation and its community relations will have an important 
bearing on this decision. State laws pertaining to school district operations may also provide 
guidelines. Ultimately, the decision will be based on the costs of keeping the facility. Unlike 
a cornmercial or industrial property, carrying costs will not include local taxes. However, 
even if the school is boarded up, thus eliminating most utility and administrative costs, there 
will still be insurance, security, and outside maintenance requirements. Moreover, the 
carrying costs must be considered from the perspective of the community as well as the 
school district. A vacated school building may constitute a fire hazard or a blighting 
influence in the neighborhood. Finally, the costs in opportunity of not transforming the 
land and structure into some other use must be examined. 

8.1.2.2 Enrollment In those communVcies thzt continue to be characterized by enrollment growth, a different 

Growth-Space problem exists. While thf issue is that of obtaining more space rather than eliminating excess 
Shortage space, many of the same questions must be resolved. A check list of considerations similar to 

those necessary in an enrollment decline situation is offered. 

Revised Student Allocation. The first step should be to examine all schools throughout the 
system. A capacity shortage in one geographic area of the district or at one grade level in the 
district may be resolved through the reassignment of selected classes to a different school, 
reorganization of the grade groupings, and/or the redefinition of attendance boundaries. 

The first solution may be the easiest but often the least satisfactory. Assigning selected 
elementary classes to a secondary school, or vice versa, may cause an important loss of 
school identity. The decision to reorganize the grade organization may be controversial and 
expensive. Converting a given school building from elementary to secondary purposes will 
probably require some new facilities, equipment, and support personnel. A third solution is a 
change in attendance boundaries. Longer student travel times or distances may require 
additional busses and drivers, not to mention parental cooperation. Though none of these 
solutions may be desirable, each should be explored. 

Relaxed^ Educational Facility Standards. As previously observed, a greater number of 
children can be placed in a given school building simply by relaxing the space standards or 
changing the sessions policy. Thus, a decision to allow more children per teaching space (or 
less square footage per child) or a more intensive session policy, such as a staggered or 
double session, or a twelve-month school year, might be considered. This option may have 
particular appeal in those districts characterized by a projected enrollment wave or bulge in 
selected grades, followed by subsequent enrollment declines. 

In secondary school situations the problem may be partially relieved through the 
introduction of new instructional programs, such as work-study, "schools without walls," or 
some other activity that allows students to operate outside the building. Of course, these 
programs should be evaluated first on their instructional merit, and only then in terms of 
their space implications. In considering those implications, the user must be careful to 
examine whether the space requirements will be lowered throughout the school day, or only 
at certain times of the day. A work^study program that operates only during the afternoon 
may not represent a feasible solution. 

Limit the Non-teaching Spaces Within the School . A third approach for accommodating 
increased enrollment would be an increase in the number of teaching stations and a decrease 
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in the amount of space not used for actual teaching purposes. Thus, space previously used 
for study halls, meeting rooms, lounges, etc., by school personnel, and space used for 
non-student purposes would be reduced. Such activities would be required to locate 
elsewhere. This policy would, in effect, increase the school utilization rate, and hence the 
actual capacity of the school system. 

Provide More Physical Space. If the above **non-structural" solutions appear inadequate, the 
provision of more physical space will become necessary. Again, several interrelated issues 
must be resolved: How much additional space, where, and what type? 

How Much Additional Space ? When a shortage of space exists, the question of how much 
capacity to provide must be addressed in a slightly different fashion than in the excess space 
situation. In the case of the potential school closings, one school is closed or two schools are 
closed, but rarely one and one-half schools. In most school growth situations a more 
continuous range of possibilities exists. Whether defined in terms of teaching spaces or 
square feet, a new school can be built in almost any size. 

The amount of space necessary will depend upon the district's projected enrollment, desired 
standards and policies, current fiscal burden, and the degree to which the community is 
willing to shoulder any additional fiscal commitments. 

Locating New Space . Where to locate new space will depend on the magnitude of the space 
problem and a variety of existing community conditions. At a minimum the following five 
options should be considered: 

— Rehabilitation: In some situations the relatively simple process of school 
modernization will transform previously inadequate space into useful space. 
Rehabilitation is particularly recommended where a moderate rise in enrollment is 
anticipated on a temporary basis. 

~ Found Space : Existing vacant structures are proving to be useful, low-cost solutions. 
Store fronts, vacant office buildings, warehouses, supermarkets, or old train stations 
constitute just a fraction of the possible resources that may exist. 

~ Expansion of Existing School: The addition of several classrooms, a new wing, or 
new special facilities may be a solution. In this context mobile classrooms may be 
appropriate. The advantages of expanding an existing school are several: the 
availability of land, the availability of basic facilities such as office space, parking, or a 
gymnasium, and the availability of administrative staff. These advantages will, of 
course, have to be evaluated in light of the probable impact on the school site 
(especially recreation facilities and adjacent land uses) and the total school size. If the 
existing school is not well situated considering the geographic distribution of projected 
enrollments, the impact on transportation costs should be examined. 

-" New School on an Existing School Site : A variation to expanding existing schools is 
the building of a second school on the same site. This may provide the advantage of 
having a unique school on existing school land, with easy access to facilities in the 
adjacent school. This solution will require a relatively large site and may be more costly 
than expanding existing facilities. It may also suffer from the same locational 
shortcomings described before. 

— New School on a Separate Site: Traditionally, the most common method of 
alleviating a severe shortage of space has been the construction of a new school on a 
separate site. Because of the ability to select a site that meets the needs of the new 
school, this approach may have more flexibility than others. However, the basic 
questions remain to be answered: how large a school, in what location, and when. 

Construction Type . The construction and the level of amenities will also have to be 
considered. Materials, landscaping, air conditioning, carpeting, and the many other decisions 
that go into a new building will depend principally on the school board's philosophy of 
education and financial situation These decisions should also be influenced by the 
confidence surrounding the enrollment and fiscal projections. Where the school board is 
committed to the construction of traditional school buildings, characterized by rigid design 
and high quality materials, decisions should be based on forecasts with a great degree of 
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associated certainty. On the other hand, where the school board aru "ommunity are 
prepared to build flexible facilities that could be easily transformed 2.nother use or 
demolished without great cost, less certainty in the enrollment and fiscal projections may be 
necessary. 

In communities that are characterized by great uncertainty as to future conditions, mobile 
classrooms may provide a solution. While not always a panacea, as they have occasionally 
been promoted, mobile units can provide a flexible and relatively inexpensive supplement to 
existing facilities. Of course, potential building code restrictions, visual disharmony, limited 
internal versatility, maintenance problems, and other potential shortcomings may offset the 
advantages of this approach. 

All of the above analysis will have to be made with an awareness that the projected 
conditions necessitating a change in facilities may not occur. Some users will want to 
account for this uncertainty by developing brackets or an envelope to surround their 
enrollment and fiscal projections. Using the approach outlined in Chapter 1, they will then 
consider the impact of the "worst" case, evidenced by high enrollments, high costs, i.nd low 
revenues. Similarly the impact of the "most likely" and the "best" situations will hare to be 
examined. Caution must be exercised. The use of high and low estimates may be very 
misleading if the brackets are built around a projection or curve that is fundani5>ntally 
inaccurate. 

Qosing or building one or more schools is a challenging assignment. If a set of alternative 
plans is developed in a rigorous fashion, then hard to measure and evaluate tnid-^-offs 
between social, educational, economic, and political values will be nfcCissary. With few 
exceptions, no optimal solutions can be identified. Instead, based on intuition and 
judgement, the user must strive to identify several reasonable alternatives which can b' 
critically evaluated, using the Facility Planning components. 



8.2 



8.2.1 



Data 

Considerations 



Required School 
Facility Planning 
System 
Information 



Users of the School Facility Planning System will have two categories of concern witi. regard 
to data. First, the specific data input requirements necessary to implement the jystt:n 
components must be considered. Determination will have to be made as to whether the div.ta 
items or reliable substitutes are available within the district, and as to how they might be 
collected. Second, a more general understanding of community trends ir'ay be desired by 
school planners. This would include a general community profile or debcriptiori against 
which specific projections could be made, and specific plans drawn up. The following 
sections present a checklist of information relevant to school planning. Technioues .<or 
collecting, analyzing, and displaying the data are also suggested. 

Each of the procedural sections in the four components indicates specific data requirements. 
These items are summarized below, with brief indications as to tiieir importance and 
probable sources. 



— Students by Grade: A tabulation of the public school students for the cuirent and 
past years provides basic trend information. Display of this data using a line or bar 
graph will heighten the visual impact of specific enrollment trends, and assist in 
selecting projection techniques. All the forecasting methods require total student 
enrollment for past years, The cohort survival technique requires specific grade data. 
Geographic analysis requires enrollment information by different regions and areas 
within the district. 

— Vital Statistics: The number of births in a community will influence educational 
requirements for many years. This data is mandatory in the cohort survival technique. 
Vital statistics are usually recorded at the municipal or county level. Where the school 
system boundaries do not coincide with the city or county boundaries, adjustments will 
be necessary. These adjustments might be accomplished either manually or by machine 
by using the ratio between the school district and the recording level of government or 
by the actual allocation of births to the school district. 

— Housing Type and Size : The kinds of dwellings in a community will affect the 
number of children. A profile of dwellings by type is required in the dwelling unit 
multiplier technique which rests on the premise that single-family homes attract 
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different kinds of families than multi-family units. The number of dwellings by type 
may be determined from the United States Census. This figure can be adjusted monthly 
by using the Census Bureau's housing permit and housing start figures or using local 
building department records. Where the school district does not have the same 
boundaries as the local government, data adjustment problems will have to be resolved. 
Many medium and small school systems will be able to measure the number of single 
family dwellings from aerial photographs. Some municipal records may reveal the 
average number of bedrooms per dwelling type in different sections of the school 
system . 

— Housing Yield : The projected number of children per residential type is also 
required by the dwelling unit multiplier approach. The type, value, and age of dwellings 
will all influence the yield of public school children. Demographic, social, and 
economic factors will also have an important bearing. As discussed in the Enrollment 
Component the yield of children per dwelling may be determined empirically by using 
either a door-to-door or telephone survey in randomly selected neighborhoods. An 
approximation of this yield may also be determined from a sample of student records 
\vithin the school district. 

— Vacant Land: An estimation of the number of future dwellings, and hence children, 
can be facilitated by examining the available vacant land in each of the community's 
zoning categories. This will indicate the possible number of dwellings that could be 
constructed in each residential category. The probability of rezoning to higher 
residential densities must also be examined. This information is important in 
establishing upper growth limits for use in the non-linear time trend projections of 
dwellings or assessed valuation. 

— Housing Built and Under Construction: Residential and tax base forecasts will also 
need trend data as to construction and demolition activity. In many suburban 
communities the amount of new housing expected in the future can often be estimated 
by reviewing recent subdivision plans and outstanding building permits. These records 
will also indicate the probable size and price of new housing. 

— Parochial School Changes : The opening or closing of a private or parochial school 
may have a major impact on the public school system. The possibility of such an event 
must be examined when projecting future enrollments. If anticipated, a discrete shift 
upwards or downwards in the student forecast may be appropriate. The occurrence of 
such an event in the past must also be recognized to ensure that it has not caused the 
calculation of misleading enrollment trends. 

— Major Growth Factors : The projection of student enrollments, dwellings or assessed 
valuation should reflect sensitivity to unique events that could severely alter historical 
development trends. Thus, a major highway project could induce substantial residential 
development or cause the demolition of a substantial number of dwellings. The 
implications of a major industrial contract, a building permit freeze, an energy crisis, 
and other unpredictable situations within the community must be recognized. 

— Boundary Adjustments : Should a school district annexation or merger occur or if 
one has occurred in the recent past, special data may be required. Estimates of the 
students, dwellings, or tax base in the area prior to annexation may be necessary for 
continuity during the analysis period. 

— Student Curricula : A projection of enrollments by subject area is important in 
determining space requirements by type of school space. This is particularly true in 
secondary school situations where different subject areas may have quite different 
room and/or special equipment implications. Historical subject area enrollment, other 
measures of student subject interest, and state requirements should all assist in 
determining the expected course enrollments necessary in the Facility Component. 

— School Sessions Policy: The number of periods available for instruction each week is 
a necessary element in translating projected students into required space. Similarly, the 
possibility of a staggered session, double session, or twelve-month school year must be 
considered. Each of these policies will alter the need for physical space. 
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— Grade Organization Policy : A change in the grouping of grades into elementary, 
middle, and senior school categories may have a bearing on the calculation of required 
space. The board's willingness to alter the policy from the current grade organization 
should be considered. 

— Facility Standards : Each school district must select its own standards in light of its 
unique characteristics and its educational philosophy. However, certain general rules 
may serve as points of departure for those school systems without specific standards in 
mind. Based on a survey of recent school planning materials, these are presented below. 
Where a range is indicated, the first number reflects typical existing values, whereas the 
second number reflects a desired standard for new construction. 



Standard 

Site Acreage 

Elementary 
Middle/Junior High 
High School 

Walking Distanct^s 
Elementary 
Middlie/Junior High 
High School 

Transportation Times 
Elementary 
Middle/Junior High 
High School 

Student Capacity 
Elementary 
Middle/Junior High 
High School 

Space Required 
Elementary 

Self-contained 
Flexible spaces 
Open spaces 
Gymnasium 

Middle/Junior High 
Learning space 
Special facilities 
Gymnasium 

High School 

Learning space 
Flexible spaces 
Open spaces 
Gymnasium 
Swimming pool 

Special Facilities 

Pupils/Teaching Space 
Administrative Space 
Guidance Space 
Conference Space 
Instructional Materials 

Production Area 
Seminar Spaces 
Teacher Office Space 
Remedial Instruction Rooms 



Typical Values 



5-15 usable acres 
15-25 usable acres 
25-35 usable acres 



1/2 mile 

1 mile 

1 1/2 miles 



1/2-1 hr. twice a day 
1 hr. twice a day 
1 hr. twice a day 



250-650 students 
500-1,000 students 
700-1,500 students 



85-100 sq. ft./pupil (gross) 
30-50 sq. ft./pupil 
30-60 sq. ft./pupil 
100-120 sq. ft./pupil 
40' X 60'- 80' X 120' 

95-110 sq. ft./pupil (gross) 
same as elementary 
kitchen/typing/vocational 
75' X 90'- 100' X 100' 

100-130 sq. ft./pupil (gross) 
25-35 sq. ft./pupil 
25-40 sq. ft./pupil 
60-100 sq. ft./pupil 
100' X 110' 
75'x45' 



22-34 students 

Needs considered 

Needs considered 

Needs considered 

400 sq. ft. per elementary school 

1200 sq. ft. per secondary school 
1/12 teachers, 350 sq ft. 
1/2 teachers, 100 sq. ft. 
3/schooI, 200 sq. ft. 
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Library and Ancillary Space 1,000-2,700 sq. ft. per elementary school 

2,000-5,000 sq. ft. per secondary school 
Program Enrichment Areas 1/school, 1,200 sq. ft. 

Small Project Areas 1/school, 350 sq. ft. 

Carrels 15% of enrollment, 15 sq. ft. 

Space for Programmed Instruction 1/school, 600 sq. ft. 



The appropriate values for these standards will exhibit a tremendous degree of variation 
from one school system to another and will reflect the wide disparity of community 
needs, interests, goals, and resources. These values are presented merely to assist users 
in arriving at some initial figures. Perhaps the easiest way to specify standards during 
the planning process is to determine their present value within the district and then 
attempt to assess their adequacy. 

— Existing Space : The Facility Component requires an inventory of available space, 
measured in teaching spaces or square feet. This should include space that is anticipated 
in the future as well as current space. The space type may be general (e.g., all 
classrooms) or specific (e.g., all large classrooms, all regular classrooms, etc.). The 
square feet may be measured in a gross category (e.g., all space in the building) or a net 
category (e.g., only space activity used for teaching). 

— Facility Adequacy : Only usable or adequate space should be analyzed in the Facility 
Component. The level of school building adequacy can be measured from many 
perspectives. These include relatively objective measures, such as potential safety 
hazards and maintenance problems associated with the heating, wiring, ventilation, or 
waste disposal facilities. They may also include more subjective factors, such as the 
environmental impact on creativity concentration and other learning attributes. It is 
generally recognized that a comprehensive measure of school facility adequacy will 
require the combined skills of architects, engineers, educators, and administrators. The 
costs of upgrading or repairing inadequate space must be examined if that space is to be 
considered available for future use. 



-~ Additional School System Policies : A variety of additional policies must be 
considered in light of their space implications: 

— Student Drivers : What proportion of the students will want to or be allowed to 
drive their own vehicles to school? How much parking will be require^d? 

- Sports: What sports will be offered? Will tennis courts, a football field, a 
swimming pool, or an ice hockey rink be necessary or desirable? Should parking, 
access, and seating capacity be designed to accommodate spectator volumes 
substantially in excess of the student body? 

— Food: Will a hot lunch be offerd? If so, will it be catered or prepared on the 
premises? What proportion of the student body should be able to eat at a given 
time? 

— Amenities: Are carpeting, air conditioning, a media center, a theater, etc., 
considered necessary or desirable? 

— Special Use Location : Will spedal activities, such as machine shop training, 
automobile mechanics, and other activities, be taught at each school or at a central 
facility? 

— Community Use : Will the school be built so that it can readily serve adult 
education, senior citizens, and other community wide functions? 

Many of these considerations will be important in establishing a desired utilization rate 
for each proposed school. If it is desired that there be substantial flexibility in teaching 
space so that unused classrooms are often available for meeting roor.is, study hall^ 
lounges, or storage, a low utilization rate (e.g., seventy-five or eighty percent,^ luay be 
appropriate. Alternatively, if these needs have been considered separately jjr;d less 
flexibility is deemed important, a high utilization rate (e.g., ninety-five p,€' ':iii; may 
suffice. 



— Site Characteristics: Existing and potential school building sites must be examined in 
terms of their positive and negative characteristics. Is the size sufficient for a school, 
including possible expansions? Does the topography lend itself to proper drainage. 
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recreational opportunities, and easy construction? Are there wooded ai:eas, vistas, or 
any other attributes that should be used to advantage? Is the site compatible with the 
existing and probable adjacent land uses? These questions, as well as the site's impact 
on student travel distance, must be resolved during the site selection procedures j^^ the 
Geographic Component. 

— Construction Costs: All potential rehabilitation or new construction projects must 
be evaluated in light of the probable construction costs per square foot. These will vary 
widely from region to region based on the availability of building materials and the 
characteristics of the labor market. In most cases local architects/contractors will 
provide the best source for current and projected figures. A technique for projecting 
construction costs is presented in the Fiscal Component. An approach for examining 
possible variation in construction costs due to economy of scale factors is presented in 
the Handbook Introduction. 

— Tax Base : In most cases the local tax base will directly impact the school system's 
capital, as well as operating, budget. Assessed valuation of real and personal property 
must be analyzed to determine probable bonding capacity and expected local tax 
revenue. Local income and sales taxes rnay also be important, depending on the tax 
structure. 

— Revenue : Historical revenues supporting the school district must be examined as to 
the amount and trend per source. In some instances the potential uses of these monies 
will be restricted to certain expenditure categories. The difference between taxes levied 
and actually collected should be analyzed. Also the past and possible changes in state 
allocation formulas should be studied. Federal support will be an important element in 
some districts. 

— Expenditures : Historic expenditures by the district must be analyzed on a total cost 
and unit cost basis. Unique local conditions such as union demands and purchasing 
regulations must be consif?ered as unit costs are projected. Educational policy regarding 
the desired number of Lei-yriers, administrators, support personnel, and supplies must 
also be examined in order to forecast total probable expenditures. 

— School Capacity: The total existing space times the desired number of students per 
teaching station (or divided by the desired square feet per student) indicates the 
capacity of a school, or the number of students that can be accommodated. If a 
utilization rate is used by the district, it should be expressed in decimal form (i.e., less 
than one) and multiplied by the initial capacity to obtain an "effective" capacity 
Individual school capacity information is necessary to implement the Geographic 
Component. 

— School Distance : The average distance from all students living within small 
geographic areas or grids in the district to each school is necessary to implement the 
Geographic Component. This information should be calculated for the center of 
student population within each grid and may be estimated by using a land use map, 
street map, or aerial photography. Distance can be expressed in terms of travel miles, 
travel time, or travel cost. 

8.2.2 General In addition to those items required to implement the various system components, further 

School information may be desired. In some cases this additional data will ^ribute to better 

Planning estimates of the previously described variables. In other cases the infor: m will be useful 

Information in gaining a general understanding of the community; how it is changing over time, and how 

it compares to adjacent communities, the state, and the nation. Familiarity with the broad 
social and economic trends that influence school district conditions should lead to the 
formulation and adoption of a better plan. 

- Total Population : The total population constitutes a basic measure of a community. 
This information is available every ten years from the United States Census at the 
county, municipal, census tract, and block level. Specific tabulations for school systems 
can be obtained from the National Center for Educational Statistics. Local planning 
offices and universities may have this information as well as inter-census year estimates. 

J CompoFition: An understanding of the age distribution of the population is 
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important. Population "pyramids" are often used to designate this distribution. 
Females of childbearing age, school-age children, and pre-school children are, of course, 
the most important cohorts. Age profiles by sub-geographic areas within a school 
system may be helpful in identifying those neighborhoods likely to increase or decrease 
their percentage of students. 

-" Minority Group Composition: The number and location of racial minorities are 
important to the school system. Racial or ethnic shifts may portend changes in birth 
rates and may necessitate revisions in attendance area boundaries. Minority population 
data may be determined from the decennial or local school district census, or inferred 
from local health department records. Techniques for projecting the racial composition 
of students are described in the Enrollment Component. 

Demographic Characteristics : A variety of information regarding income, education, 
occupation, head of household, and other socio-economic characteristics is available on 
a sample basis from the United States Census. Often it can be supplemented by a local 
survey. Analysis of these factors may provide indications as to the kind of people who 
live in and are moving into a community. With caution, some inferences may be drawn 
as to the likelihood of future families sending their children to private schools and/or 
supporting public education. Religious data is not available from the United States 
Census. Community trends that might influence the proportion of children attending 
parochial schools must be determined from local data. 

" Housing Value: The price of dwellings will directly affect the school district. 
Communities characterized by more costly housing will typically be chosen by older, 
wealthier families with older children. Less expensive subdivisions will tend to 
accommodate younger families with younger children. Housing value also affects the 
tax base. In communities where reappraisal occurs on a routine basis, rising residential 
property values will contribute to a higher tax base. They may also indirectly promote 
housing turnover as retired families are pressured to seek communities with lower taxes. 

— Housing Age: In many communities the age of housing may be directly correlated 
with the number of children. Large subdivisions characterized by similar dwellings 
typically attract similar families. Over time, the demographic mix of the subdivisions 
broadens as dwellings change hands. However, during the early years (the first ten to 
fifteen), a subdivision may be characterized by a very narrow age distribution of 
families and children. Knowledge of housing value and age factors should contribute to 
a better understanding of probable migration trends. 

Student Drop-Outs : Historical information concerning drop-out rates, retention 
rates and intra-district transfers between schools should be examined if readily 
available. Major shifts in these rates may imply demographic and migratory trends 
useful in selecting an enrollment projection technique, or may modify an existing 
forecast. The cumulative or net effect of these shifts will be reflected in the historical 
cohort survival rates. 

Student Commuters: Some school districts accept students from outside the school 
district upon payment of extra tuition fees, or as part of a voluntary program. In 
certain school systems, the number of non-resident commuters may be large enough to 
have significant facility space implications. These students may constitute a good 
revenue source to the school district. They may also be viewed as a first area in which 
cutbacks may be made when space shortages are expected. 

— Private School Enrollmen't: Historical enrollment levels will often be desirable for 
private/parochial schools in the district's vicinity. Because these schools will usually not 
adhere to public school district boundaries, information should be collected for private 
and parochial schools in a considerably larger service area. Some private school systems 
may have records that allow identification of the public school system in which the 
students reside. Gross private school enrollment statistics are also available on a census 
tract, municipality, or county basis in the decennial census reports. The trend 
information may be useful in selecting a forecasting technique and evaluating the 
forecast results. 

-— General Plan : The comprehensive, master, or general plan in a community may 



provide valuable insights into the future housing supply. Especially where there is no 
zoning or a record of continuing rezoning, this document may be the best predictor of 
the community's residential holding capacity. Where available, this information should 
be examined in conjunction with the inventory of vacant land within the district. 

■~ Critical De velopment Factors: In those communities where growth management and 
land use controls have become an issue, additional considerations may be necessary. 
State land use regulations and state and regional plans may restrict local community 
activity in flood plain, wetland, mountainous, and other '^critical'' areas. Environmental 
concerns may also result in moratoria, air pollution restrictions, and other growth 
regulating limitations. 

~ Regional Housing Market : In addition to factors influencing the supply of residential 
land, consideration must be given to the demand for housing. The probability of new 
housing being built and sold will be directly affected by population and economic 
trends within the region. The local realtors association, chamber of commerce, and 
regional planning agency may provide insight. Probable shifts in the school district's 
proportion of the regional market must be considered. 

~ Employment: Population growth within a region is usually correlated with the 
region's economic health. Employment trends constitute the most common measure of 
economic conditions. Unlike housing, the distribution of employment centers within a 
school system is not usually a critical factor, e.xcept to the extent that it generates 
automobile traffic. Employment centers located within a school district may be major 
sources of real property tax, sales tax, manufacturing tax, or other kinds of income. 
Employment trends within the region will have an important, though hard to measure, 
impact on migration patterns. Employment information may be gathered from United 
States Census reports. County Business Patterns reports, the State Division of 
Employment Security, and local business development groups. 

-Industrial-Commercial Land: A second measure of local economic conditions is the 
amount of industrial and commercial acreage that is developed annually. Local 
planning, real estate, and utility firms should have this information available on a 
regional basis. Recalculations for the school system will typically be necessary. The 
land absorption rates will indicate how fast the economy of the community is changing, 
the probable impact on assessed valuations, and the extent to which the community's 
general plan remains relevant. 

-Addition al Economic Indicators: A variety of additional statistics will usually be 
available at the metropolitan, county, or municipal levels. Retail sales information is 
often available from those jurisdictions collecting sales taxes. Bank assets and related 
financial data may be obtained from the federal reserve bank and the state banking 
regulatory commission. Business licenses, inventory assessments, bankruptcies, and tax 
delinquencies may be available locally. Collectively, these trends will suggest the 
direction of the local economy. 

— Voter Attitude: The power of the voters to control school finances will vary widely 
depending on state enabling legislation. The record of recent tax levy and bond issue 
attempts and the reasons for their success or failure should be studied early and 
carefully in the planning process. Old newspapers, the Board of Elections Office, and 
local governmental officials may provide valuable insight. 

— Tax Effort : The effective tax in the school system should be compared to that of 
surrounding communities. Differences in assessed valuation should be accounted for. 
An attempt should be made to understand why the school district spends more or less 
per pupil thap surrounding districts. This may indicate the desirability of adjusting the 
state allocation formula or raising local taxes. 

— Institutional Cooperation: Review should be made of cooperative efforts between 
the school system and other local institutions. These might include the sharing of 
municipal workers, such as nurses, social workers, and police, and the sharing of transit 
authority busses. Relations between the local press and the school system should be 
examined. 
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8.3 Systems 

Maintenance 



8.3.1 Preliminar>* 
Review 



8.3.2 New 

Projections 



8.3.3 Record- 
Keeping 



-- Citizen Concerns : Major community issues surrounding local education should be 
identified. Review of past school board minutes and of previous school board election 
campaigns should provide insight. An understanding of community aspirations should 
enable the creation of a more relevant and acceptable school plan. 

Like many planning activities, school facility planning is most successful when it is 
undertaken as a continual process. Those school systems that prepare and adopt a long-range 
master plan and then do nothing to monitor and revise that plan may encounter difficulties. 
Particularly in an environment characterized by a high degree of uncertainty, every 
long-range plan should be re-examined periodically so that new information, assumptions, 
and standards are explicitly considered. In fact, in those situations where the School Facility 
Planning System has not revealed an obvious need for a new facility or facility closing, it 
may make sense to postpone final adoption of a plan until new enrollment, cost, and/or 
revenue information become available. At a minimum, each school system should devote 
several days each Vf ir to a re-examination of the plan in light of new information. 

When a decision is made to re-e.xamine a plan, the first step will be to compare previously 
projected data with actual now information. After the difference and hence the 
short-comings of the projection have been identified, an effort must be made to understand 
the sources of this forecasting error. In certain cases, these differences may result from a 
major unforeseen event. Thus a new shopping center or residential complex, of which the 
user was unaware at the time of the first plan, may explain higher enrollment levels or a 
higher tax base than was previously expected. In other cases, the difference will result not so 
much from a unique event, but from an inadequate set of initial assumptions. The actual 
grade sur\ival rates, growth in dwelling units, and tax base should be examined with this in 
mind. 

Based upon the preliminary* examination, a set of new assumptions should be made for each 
of the System's components. Specific shifts in actual enrollment or housing permits and 
general shifts in zoning or economic activity should provide the basis for revising the 
Enrollment Component analysis. New school board members, new issues, and changes in 
existing facility conditions should provide the basis for a re -examination of the Facility 
Component. New cost and revenue trend information should provide the basis for a 
re-examinatiom c iho Fiscal Component. A new road or a shift in student residential 
patterns may n. y review of the attendance boundaries by the use of the Geographic 
Component. 

Once a new set of independent projections has been generated, the relevance of the existing 
facility plan can be tested. In many cases, the difference between the new and old 
projections will not justify a major revision. In other cases, new alternatives and a new plan 
may be justified. Even where the main elements of the plan are still nppropriate, some minor 
adjustments in terms of timing may be necessary. For ex.nmple, the new projection might 
continue to support the need for a new high school, ')iit. indicate that a faster or slower 
conslmction schedule was desirable. 

Those school districts interested in using the System on a recurring basis stioUid consider 
modifications to their record-keeping procedures which would facilitate the System's use. 
These m^odifications need not take the form of a major project. In some cases, a simple 
written ot lt?Iephone request to certain government agencies may be sufficient. In other 
situations, a more detailed study may be appropriate. 

The specific record-keeping changes will vary with each school system. For example, in 
communities where school sv'stem boundaries are coterminous with the municipal 
government boundaries, vital statistical information may not be a significant problem. In 
area^i where the boundaries are divergent, efforts might be initiated to recoird births by 
school system on an ongoing basis. This could involve providing a list of school system 
addresses to the local government's vital statistics department with the request that it 
summarize births for the school system, or a copy of ail births in the municipal jurisdiction 
might be obtained by one of the school system's clerks. 

With only minor record-keeping modifications, a more complete picture of migration trends 
may be possible. The school system's personnel office may be willing to keep a summary 
sheet of selected data for new students entering and leaving the system. Information 
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recorded would include the grade, the date of the move, the location from which or to 
which the student was moving, and the reason for the move. 

Some communities monitor the number of pre-school children by age and public/private 
school intent. If the school system is small enough, a continuing review of real estate listings 
and housing ads will indicate housing turnover and new families that are moving into the 
area. These families can be provided with an information packet, through Welcome Wagon or 
some similar organization with a form to bo returned to the school district. This activity 
may be unreasonably time-consuming for a large school system, but, where possible, it will 
give a profile of pre-school children, as well as initiate interest in the school system. 
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GLOSSARY 



The following terms are used frequently throu^^hout the School Facility Planning System documentation. In some 
cases the meaning may differ slightly from that commonly used by educational administrators. 

Adequate Space — All existing facility space considered adequate for teaching purposes, and requiring no 
financial investment other than routine maintenance costs. In the Facility Component, adequate space is 
compared with required space to determine the expected space deficit or surplus. 

Assessed Valuation - The real property tax base against which a tax rate is applied to yield local property tax 
revenue. Assessed valuation varies with the level and quality of urban development and local assessing policy. 
Techniques whereby it may be forecast are described in the Fiscal Component. 

As7mptote — The upper (or lower) limit of a community, whether measured in terms of population, dwellings or 
assessed valuation. Some of the projection techniques used in the Enrollment and Fiscal Components allow 
the user to establish this upper (or lower) limit. 

Attendance Area - A geographic area within a school district from w;hich all public school children attend the same 
school. The Geographic Component is designed to help draw up attendance area boundaries. 

Alternative School — A **non-schoor' approach oriented to students that are not interested in a traditional high 
school format (e.g., Philadelphia's Parkway Program or Chicago's Metro High School). This may be an 
important consideration in calculating "effective enrollment" in the Facility Component. 

Bonding Capacity — The maximum bonded indebtedness permitted of a school district understate law. This may 
be calculated on a j^ross basis, usually as a percent of total assessed valuation, or on a net basis after existing 
outstanding indebtedness is considered. 

Capacity — The number of students that can be accommodated in a school given its physical size and design, and 
the policies and standards endorsed by the school board. 

Cohort Survival — A technique for projecting student enrollment by calculating the **survivors" from one grade to 
the next. Also known as the "Grade Su^^cession" or *'Grade Aging" technique. 

Component — A major sub-system within the School Facility Planning System. The four analytical components 
are designed to be used independently or together, depending upon the needs of the user. 

Confidence Interval ~ A range of values within which a projected variable such as enrollment or assessed 
valuation will fall a large percentage of the time. Also known as a confidence band, limit or envelop, this 
concept is ven* important in rr jking long-range forecasts. 

Course Enrollment — The average - lumber of courses taken daily by individual students in a particular subject 
area multiplied times the nuirib^T of students in the school or district. As described in the Facility 
Component, this variable is used to calculate "effective enrollment." 

Demand — An expressed need or request for a commodity. A major objective of the School Facility Planning 
System is to help school districts forecast the future demand for public education and derive the facility 
implications. 

Dwelling Unit Multiplier - A technique for projecting student enrollment based on a projection of residential 
dwellings and expected yield of school children per dwelling. Appropriate in rapidly growing districts. 

Economy of Scale — A measure of the unit cost savings for land, labor, and materials that may be achieved by 
building a larger rather than smaller facility. The concept must be used carefully because the contribution to 
educational quality of any two school facilities will rarely be the same, and hence comparing their costs may 
be misleading. 

Effective Enrollment - The number of students expected to be physically in attendance at a specific point in 
time during a typical school week. The desired teaching station or square foot standard applied against 
effective enrollment in the Facility component yields a me^^sure of required space. 

Extended School Day/Year — A program for increasing the capacity of a school facility by reducing the number 
of children attending school at any specif ic time. The impact of staggered or double sessions, or a 12 month 
school year can all be "tested" using the Facility Component. 

i 



Facility — Any school space or building used to serve students. The user of the Facility Component may consider 
the need for any kind of space measured in terms of teaching spaces or square feet. 

Found Space ~ Building space ^'discovered" within an existing school or "non-school" building (e.g., warehouse, 
industrial plant) for teaching purposes. An important consideration in formulating alternative facility plans. 

Gompettz Curve — A special type of logistics curve in which the rate of change is decreasing exponentially. This 
function appears as an **S" curve, and has the form P^+^j « log K + (log a) (log/r"). It may be used in the 
computer-based version of the Enrollment and Fiscal Components. 

Grade Organization — The manner in which a school system assigns its grades to elementary and secondary schools 
(e.g., 44-4. 6-2.4. 6.3-3, etc.). 

Grid — The smallest geographic area for which dwellings and students are forecast in the System. Also known as 
'*areas," grids may have irregular or rectangular boundaries. Data must be assembled by grid to support the 
Geographic Component. 

Home-Base School — A school system in which the building is the **Home-Base" only for students' activities. High 
schools with work study programs or a "School Without Walls" are Home-Base schools with the potential for 
an enlarged student capacity. 

Joint Occupancy - A method for sharing the cost of a facility between a public school district and some other 
organization (e.g., a city government) by sharing the space. An option to be considered in drawing up a fiscal 
plan and facility plan. 

Linear Program — A mathematical technique which allows the value of a linear function to be minimized or 
maximized, subject to certain constraints. Linear programming is used in the Geographic Component to assign 
students to schools so that transportation costs are minimized. 

Logistics Curve — An "S" shaped curve resulting from an exponential function of the form P^^^ « K/l + c^"*"^" 
Techniques using this function are found in the Enrollment and Fiscal Component*^. 

Module ~ A discrete set of tasks in the computer version of the System. Typically a component can be categorized 
in terms of several modules. 



Open Campus ~ An increasingly popular concept that permits high school students to move freely inside and outside 
of school when not scheduled for a course. Adoption of an open campus policy will have implications for 
required teaching spaces, libraries, lounges, and other school space. 

Periods Per Course — The average number of periods per course each student attends in a typical school week. Tliis 
factor is used to help determine effective enrollment for a given subject area in the Facility Component. 

Periods Per Day — The number of periods each day during which classes are held. As reviewed in the Facility 
Component, this factor will contribute to the calculation of effective enrollment. 

Planning Period — The future time period over which forecasts will be made, and for which facility size and location 
decisions will be made. The planning horizon is the farthest year into the future for which facility planning will 
be conducted. 



Policy ~ A course of action adopted by the school district which directly or indirectly impacts facility planning 
(e.g., staggered sessions, grade organizations, etc.). 

Projection — A statement of conditions expected to exist in the future based on a set of explicit assumptions. The 
terms "projection" and "forecast" are used interchangeably throughout the documentation. 

Ratio Method ~ A teclinique for projecting enrollment whereby students are estimated as a function of a projected 
ratio multiplied times an independently derived projection for a larger jurisdiction (e.g., county, state, or 
national). 

Region — A geographical homogeneous sub-area of a school district for which independent projections are made. 
The typical district can be divided into two to four "regions" which in turn can be broken into as many as 30 
"grids." 

Regression Analysis — A statistical measurement of the form and strength of relationships between variables. Linear 
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and exponential regression techniques n. y be used in the Enrollment and Fiscal Components for projection 
purposes. 

Resource Center A particular facility such as a library, art or vocational building which may attract students 
from more than one separate school. A consideration in developing a facility plan. 

School District — A government entity < 'aged in the operation of public schools. The term is used 
synonymously with "school syst< ioc.L' educational authority (LEA)," and **the user" throughout the 
documentation. 

School Size — The desired maximu'n capacity or number of students per school type (e.g., elementary 
schools— 400 children, high schooi. —1500 ^. /lildren, etc.). This standard may have an important bearing on a 
facility plan. 

Square Feet — One of the measures of school capacity that may be used in the Fa cility Component. Gross or net 
square feet per student may be used. See Teaching Station. 

Standard — A measure or criterion that directly or indirectly impacts facility planning (e.g., desired square feet 
per pupil, desired pupils per teaching station, etc.) as adopted by the school district. 

Subject Area — Any course or combination of courses for which the effective enrollment is to be calculated in the 
Facilit\ Component. In general, a particular subject area should be defined in light of similar space type 
requirements (e.g., regular classrooms, large classrooms, etc.). 

Survey — The traditional approach whereby administrators inventory and evaluate school buildings, curriculum, 
and instructional techniques. The School Facility Planning System dots not replace the need for 
comprehensive school surveys. 

Teaching Station — Any classroom or learning space as defined by a school district, and used in measuring 
capacity in the Facility Component. See Square Feet. 

Transportation Costs — A measure of the distance, time or money associated with transportation. The Geographic 
Component assists in the design of attendance boundaries, or the evaluation of school sites by indicating the 
configuration which will best reduce transporatio!- costs. 

Utilization Rate — The average percent of educational space which is occupied at any time during a typical school 
day. This factor is used to permit increased flexibility in determining space requirements in the Facility 
Component. 

Uncertainty — A condition that characterizes all planning activity, especially where tong-range forecasts or 
projections are involved. The School Facility Planning System has been designed to assist administrators in 
explicitly considering the reality of uncertainty. 
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APPENDIX A 

DATA PREPARATION AND SYSTEMS OUTPUT 



r r Pi°^^^".^,^" introduction to the various program packages that are used throughout the computer 
vere on of the School Faci ity Planning System. Tlie purpose of this appendix is to provide a more detailed 
explanation of the kinds of information necessary to run the basic support system and the geographic analysis 
support system. The function and format of each input card are described. The System's analytical and report 
generation options and typical printout displays are also presented. Reference to this appendix will be necessary 
o prepare data for entry to the System and to interpret the results. TTie sequence for submitting cards and 
typical job control language statements are contained in Appendix B. 

1. Basic Support System. 

The program package used to support the enrollment, facility and fiscal analysis makes use of eight separate data 
cards, ine first three of these cards are used together to specify data and relationships within the model, and as 
such will be most important to the user. The latter cards are important primarily for modifying the format' of 
reports generated by the System. The cards are described generally in Sections 1.1 and 1.2. Specific card layouts 
anj provided m Sections 1.3 and 1.4. Sample printouts are presented in Section 1.5. Hie name and purpose of 
each card are as follows: 



NaJTie Purpose 

Assigns a row number to a row name. 
^^^^ Contains data observations provided by the user. 

^^^^ Identifies the calculations to be performed on information in each row. 

*R' card Signifies that a report should be printed covering a specified time period. 

*C/ card Signifies that a graph should be printed for selected data items. 

^^^^ Provides the header information for reports. 

*9' card Specifies the data groups to appear on a report. 

*X' card Signifies the number of periods for which data will be printed, and the 

fact that there are no more input cards for a given run. 

11 Bas ic Input Cards. The basic system that supports tlie Enrollment, Facility and Fiscal Components consists 
or a series of rows of information, each containing data which is provided by the user or calculated by the 
bystem. The 1 , V and *6' cards define these rows and the operations associated with'each. The program then 
executes the necessary computations sequentially in order of increasing row numbers. 

As reflected in Figure A-l, the *7\ *r and *6' cards are typically used together. Tlie first column of each 80 
column card indicates the card type. The next three columns indicate the row number that is referenced for each 
set of these three kinds of cards. The three cards function as follows: 



FIGURE .A-1 FIELD NAMES 7\ 1' AND '6' CARDS 

^1 M M I llffl I M nsi M I M I f I pi| M I 



ROW 



ROW 
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ROW 
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FIGURE A-2 PERMITTED FIELDS FOR 'T, '1', AND '6' CARDS 
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The 'T* card assigns a row or variable name to a row number. The *V card is then used to record data observations 
associated with that variable for distinct time periods. Each card can accept up to nine data entries; as many as 
twelve cards can be used to define the 105 permitted time periods. In the current System three *!' cards are 
recommended for each variable, identifying twenty-seven time periods. The first nine are reserved for historical 
data, and the next eighteen for the current and projected years. 

The '6* card initiates one or more mathematical operations on the data that has been entered into a given row. 
The card may take four different formats, depending upon the specific techniques to be performed. These can 
include aiithmetic calculations, multiple regression, eight different time series projection methods, or a user 
supplied special function. 

Oniy one 'G* card is permitted per row. It will initiate the appropriate operation, starting with that time period 
for which no data (i.e., blanks) have been entered on the T card. Thus a user that enters both historical and 
projected Jata on the '1* cards for all time periods, will not receive any projections generated by the System. 

Users that are satisfied with the currently defined System will have only to fill in their own *!' card data and 
submit and *6' cards as they appear in the Enrollment, Facility and Fiscal Components procedures. Those that 
want to change the name of a variable or the type of operation may do so by modifying a card or *6' card 
respectively. Users that wrnt to add variables may fill out new *7', *!' and '6' cards. Caution must be taken to see 
that a unit«ue row number is used, and that it is in the proper logical sequence vnih regard to all other rows. 

Througho'jt the preparation of the cards, care must be taken to ensure that no entries are placed in the wrong 
fields. To assist in this effort, it is recommended that the user darken out certain columns on the coding sheets 
prior to ei:tering information (see Figure A-2). TVpical error messages are listed in Appendix B. Caution must also 
be directeJ so that all data applicable to a given year or time period is entered in the same field wherever cards 
are provided for multiple rows. Thus, if the first field is assigned the time period 1966, for example, then the first 
field of th« first 'l* card for all subsequent rows must refer to 1966 data. 



1.2 RepcH Generation Cards. Tlie remaining five cards are used primarily to structure the reports produced by 
the Enrollment, Facility and Fiscal Components analysis. As noted above, those users satisfied with the .standard 
report foimats present m the current version of the System need not develop a thorough understanding^ of their 
use. These individuals may submit duplicate report generation cards to obtain the same report format. 

Header and Data Group Information Cards . The 'S' and *9' cards are used together to structure report 
formats. Each report requires the use of at least three cards; two 'S' cards which define the heading to be 
used for a report, and a '9' card which identifies the rows that constitute the data group to appear in that 
report. Additional •9* cards may be used where more than 15 rows are desired to Im* printed in the report. 

The header cards ('8') and data group cards (*9') will be interspersed. Thus the header and data group 
numbers must be sequential. For example, if the two cards associated with a report have header numbers 
of 080, and the '9' card has a data group number of 081, then the next report must have a header number of 
082 or greater. Note, that if a second '9* card was required for the first report, it would have a consecutive 
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data group number of 082. 



83 



8Ea 

NO. 



n ir of "r"^ !f '^^^ ^ "P^^ ^'^^^^ "P 120 Characters may be deHned. However, a 

IZ^L to "^^f '7 ^" ^^^"^ The card has options that pem^it 

Ihl d^ta ioJp! ^ "'"^ ^^""^ ^ ^'^"^^ P""''"^' ^"^ '^^PP'"2 ^'""^ before 

Ilmn?oi *^i»^^/"^^'^'^? ''^'''^ P"'""''' '^'PP'"2 of spaces after each row. A generalized format for 
completing and ^9 cards is presented in Figure A.3. Pen^itted fields for placing information on the^e 
cards are presented in Figure A4. ""anun un mese 

FIGURE A-3 FIELD NAMES FOR '8' AND '9' CARDS 
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FIGURE A-4 PERMITTED FIELDS FOR '8' AND "9' CARDS 



LL 



II4 



u T^r°\?"^- ^ '""^ ^""'"'"^'^ ^ '^P°^ '° be printed during a run of the 

nr T\ ft f "i ? '''' ""^^ '"'''rix, and the first period that shows 

or the left hand column of the report. In the current vei^ion of the System where three groups of nine years 
arc pnnted (e-g- 1965-1973. 1974.1982. and 1983.1991), three 'R' cards must be subiStteV TTie dates o" 
these cards would be 1965.1965, 1965-1974, and 1965-1983 respectively. 

■nl^Tri'lh!!!-^'"''" '^f '^''^ '"'"''^ generation of graphical printed output. A linear or 

oganthm,c scale may be used, and as many as four different data items may printed on any graph. T^e 
u er ,s ^ut.oned to interpret these graphs carefully. In some instances data which has different values (by an 
order of maffnitude) appears to have the same value because of the characteristics of the graphics subroutine. 

The graphics subroutine locates the first observation in a range often to one hundred, or a multiple thereof 
Each succeeding observation is located on this scale until the total range of the graph is exceeded. The scale 
of the graph changes for succeeding observations by a factor of ten. shifting the placement of the 
observation values back to the left. IfthU series of observations again exceeded the total range of the graph 
th" scale would change by another factor of ten. shifting all subsequent observations to the left 
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For example, if the first observation had a value of 8,674, the program would locate it between 1,000 and 
10,000, making the total range of the graph 10045,000. Succeeding historical or projected values could 
easily be placed on this scale until they exceeded 15,000. However, a value of 18,267 would be printed as if 
it wtre 1,826. The user would have to realize that the scale of the graph had changed, and that the total 
range of the graph was now 1,000-150,000. Use of the logarithmic scale reduces the frequency of this 
situation. 

Execute Information Card. The *X' card is the bust card in the input deck. Information on this card indicates 
the lange of periods for which data will be projected. The card also provides an option so that the 
computations provided by the program are printed in addition to the input, report and graph printouts. In 
most circumstances, this option will probably be appropriate. 

The generalized format and input forms for completing the *R', *G' and *X' cards are reflected in Figures A-5 
and A-6 respectively. 



FIGURE A-5 FIELD NAMES FOR 'G', 'R' AND 'X* CARDS 
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FIGURE A-6 PERMITTED FIELDS FOR *G', 'R* AND 'X* CARDS 
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1.3 Input Card Formats. Each of the specific card layouts Is presented below. Multiple formats are possible for 
the *6* and *8' cards, depending upon the circumstances. 

The *7* Format 

Col. 1 The digit 7. 

Col. 2 - 4 The row number as.soclated with this description. 

Col. 6 - 6 Not Used. 

Col. 7 - 43 The description of this row. 
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Col. 44 . 49 
Col. 50 



Col. 51 - 80 



Not used. 

TTie location of the decimal point as it is to appear in the report. 

Allowable entries are blank, 0, 1, 2, 3 9. Blank will cause the 

output to be printed without any decimal point. 0 will have the 
output printed with a decimal point appearing In the right-most 

position. 1,2 9, will, respectively, have the output printed 

with 1, 2 9 digits on the right side of the decimal point. 

Not used. 



'nie *1' Format 
Col. 1 
CoL 2-4 
Col. 5 - 12 

Col. 13 - 76 
Col. 77 



Col. 78 - 80 



The digit 1. 

The row number corresponding to the *7* card format. 

The value for the first time period of the basic matrix for the row 
specified in Columns 2-4. 

The values for time periods two to nine of the basic matrix. If 
there are more than nine periods to be entered, continue on a 
new *1* card. Repeat the entries in Columns 1-4. 

Code for the location of the decimal point for the entries in 
Columns 5-76. Used for scaling purposes. 

a) 0 or blank - numbers entered are whole numbers and are not to 
be scaled further. 

b) 1, 2,3, 9 -numbers entered are to bo multiplied by 
10, 100, 1,000 1,000,000,000, respectively. 

c) J, K, L R-numbers are to be divided by 10 100 

1,000 1,000,000,000, respectively. 

Not used. 



The Format 

Ihe fust seven columns are always the same. Tlie remaining fields will vary, depending upon the forecasting 
tecnnique selected. * 



Col. i 

Col. 2-4 

Col. 5 

Col. 5 



The digit 6. 

Row number to be calculated or projected. 
Not used. 

Forecast code. Four options are permitted: 

3 - Simple or multiple linear regression. Up to six rows containing 
the independent variables may be designated. Each row can be 
offset in time. If desired. 

4 - Exponential regression. Least squares determination of 
Y-A*xp(B*X). 
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9 - Time series projection or special subroutine. 
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X - Arithmetic calculation, using rows previously projected. 
Not used. 

AJtemativa Format-1. (Used with a 3, 4 or X in Column 6.) 

® " First row number of the rows used in calculation. 

Lead or lag of time period. If entry is 0 or blank, t?;e data entries 
used for the calculation will correspond to the same time period 
as that in the row being calculated. Entries of 1, 2, 3, 9 will 
use a leading entry of 1, 2, 3, 9 time periods. Entries of J, K, 
L...R will use a lagging entry of 1, 2, 3...,9 time periods. 

' Similar functions to Columns 8-11 for other rows used in the 

calculation. 

Col. 48 - 68 Not used. 

• '^'^ Entries of +, / or * are allowed. Tnese are used only for an X 

in Column 6, and represent arithmetic operations between the ten 
rows indicated in Columns 847. 

Col. 78 - 80 Not used. 

Alternative Format-Z (Used with an X entry in Column 6.) 

® • 1^ Same as Columns 8-10 of the Alternative 1 Format. 

Same as Column 11 of the Alternative 1 Format. 

^2 Entries of +, - *, / are allowed. These are modifying operations 

on the row in Columns 8-10 by the constant term in Columns 
13.18. 

• Constant modifier of the entries in the row in Columns 8-10. 

Decimal point locator for constant in Columns 8-10. Entries of 
1, 2, 3, 9 shifts decimal to right. J, K, L, R indicates a shift 
to the left. 

20 - 67 Similar functions to ODlumns 8-19 for other rows involved in the 

calculation. 

Col. 68 Not used. 

Col, 69 - 72 Entries of +. -,/,* are allowed. Ttiese are used only with an 

entry of X in Column 6 and represent arithmetic operations 
between the five rows given in Columns 11-67. 

Col. 73 - 80 Not used. 

Alternative Format-3. (Used with a 9 entry in Column 6 for time series projections.) 

Col. 8-9 Not used. 

The number 1,2,3,4,5,6,7 or 8 depending on the desired time 
series extension technique. Further discussion of these methods is 
presented in Appendix C. 
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1. Straight Une. Least squares fit of Y-AtBT. Values are 
projected from resulting formula. 

2. Exponential Curve . Least squares fit of Y-A x EXP (BT). 
Values are projected from resulting formula. 

3. Modified Exponential Curve . Least, squares fit of 
Y-A+Bx EXP (CT). C is determined by fitting first differences. 
A and B are determined by linear least squares. Values are 
projected from resulting formulae. 

4. Modified E xponential Curve with Asymptote. Least squares 
fit of Y-A+B X EXP (CT). A is entered by the user in Columns 
13-18. Exponential curve Is then fit after transformation and 
values are projected from resulting formulae. 

5. Logistics Curve. Least squares fit of 1/Y-A+B x EXP (CT). 
The calculation is similar to code 3 following the transformation 
of Y. Values are projected from resulting formulae. 

^' Logistics Curve with Asymptote. Least squares fit of 
J /Y-A+B X EXP (CT). 1/A is given by the user in Columns 13-18. 
Exponential is then fit after transformation. 

7. Go mpertz Curye . Least squares fit of LOG 
Y-A+B X EXP (CT). Same as 5 except for LOG transformation. 

^' Gompertz C urve with ^-mptote. Same as 6 except for LOG 
transformation. 

Col. 11 . 12 Not used. 

• The values of the asymptotes whe,i needed (codes 4, 6, 8). 

Decimal point location for asy^nplote (Columns 13-18). Entries 
of lj^2, 3, ...»or 9 shifts the decimal poiiit to the right. 
^ ^1 R indicates a shift to the left 

Col. 20 - 80 Not used. 

Alternative Fonnat-4. (Used with a 9 entry ;n Colurrin 6 for special user defined functions. See SecUon 1.4.) 

^ ■ number used to designate the special function. Subroutines 

1-8 are already designated in the program. Numbers 9-999 are 
available for user rupplied subroutines. 

Col. 11 Not used. 

' '""^ ^o^v number cf the parameter row which contains or 

references information necessary to carry out the function. 

Col. 16 Not used. 

' " '^^ number oif entries In the parameter row which refer to rows 

usi^ in the special function. The first 'n' entries In the parameter 
row identify the 'n' rov75 that :jre jised in the function. 

Col. 19 - 80 Not used. 
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Ihe •8' Fonnat 



It is necessary that all *8' cards appear in pairs. The first nine columns are the same for both cards. The remaining 
columns vary, depending on the card. 



Col. 1 
Col. 2 
Coi. 3-5 

Col. 6 
Col. 7-9 
First Card Format 
Col. 10 - 12 
Col. 13 

Col. 14 

Col. 15 - 71 
Col. 72 • 80 
Second Card Format 
Col. 10 - 71 
Col. 72 - 80 



The digit 8. 

The digits 1 or 2 signifying whether it is the first or second card. 

TTiis is the header number. Remember that the headers and data 
groups are interspersed. The header numbers must be sequential 
with the data group numbers. 

Report number. 

Not used. 



The characters HDR. 

Allowable characters are blank or 1. Designation of a 1 causes a 
skip to the top of a new page before the header is printed. 

Space character. Designation of a 1, 2, or 3 causes the spacing of 
one, two or three lines after the header is printed. 

First part of the header as supplied by the user. 

Not used. 



Second half of the header. 
Not used. 



The '9^ Forniat 
Col. 1 
Col- 2 . 4 
Col. . 

Col. e 

Col. 7-9 
Col. 10 - 12 
Col. 13 

Col. 14 . 73 
Col. 74 - 80 



'nie digit 9. 

TTie data group number for the report. 

Not used. 

TTie report number. 
Not used. 

The first row appearing in the data group. 

Allowable entries are blank, 1, 2, 9. They indicate that zero, 
one, nine line spaces are to be effected after the printing of 
this line of the report. 

Same as Columns 10-13 for the remaining rows in the data group. 
Not used. 
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The W Format 



Col. 1 
Col. 2 
Col. 3 
Col. 4 - 19 
O0I.2O - 23 
Col. 24 
Col. 25 . 28 

CoL 29 - 80 

The 'G' Format 
Col. 1 
Col. 2 
Col. 3 . 5 
Col. 6 
Col. 7 - 17 

Col. 20 - 23 
Col. 24 
Col. 25 - 28 
Col. 29 
Col. 30 • 33 
Col. 35 - 37 

Col. 38 
Col. 39 

Col. 40 - 80 

The 'X^ Format 
Col. 1 



The character R. 
Not used. 

TTie report number. 
Not used. 

The number of the first time period in the basic matrix.' 
Not used. 

The number of the first time period appearing in the left-hand 
column of the report. This will change if the historical and 
planning period exceeds nine years, and, hence, more than one 
card is used. 

Not used. 



The character G. 
Not used. 

The row number of a row requested for graphic display. 
Not used. 

Similar to Columns 3-6 for the remaining three rows requested on 
the graph. 

TTie number of the first time period in the basic matrix. 
Not used. 

The period number at which output should begin. 
Not used. 

TTie period number at which output should terminate. 

The row number of the row in the basic matrix which contains 
the time period numbers. The values of this row will be printed 
along the abscissa of the graph. TTils is optional. 

Not used. , 

TTie scale designation. A blank in this column will plot the graph, 
usmg a linear ordinate scale. A 1 will initiate a logarithmic scale! 

Not used. 



The character X. 
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Printout option. If 1, a rowby-row summary of the computation 
is printed. If blank, no summary is printed. ITiis is in addition to 
any reports requested with *8' and '9' cards. 

Not used. 

The characters END. 
Not used. 

The number of the first time period in the basic matrix. 
Not used. 

The maximum time period required for any report or graph. 
Not used. 



1.4 Special Function Subroutine . The user can branch to any special calculation or projection method, providing 
it is a Fortran program which is prepared in a special subroutine format. The subroutine is referenced, using two 
rows of the basic matrix - the row being calculated and the row used to pass parameters and row numbers 
necessary m the calculation. 

The subroutine itself is entitled SPEC. It must have the following format: 

SUBROUTINE SPEC (I,N,K;^) 

DOUBLE PRECISION R(105) 

Fortran coding supplied by user 

RETURN 

END 
WHERE: 

i- Disk File 3 record address of the row being calculated. This number is the row number given in 

Columns 2-4 of the *6' card. 
N- Special routine number. This number is the user supplied number given in Columns 8-10 of the '6' card. 
K- Disk File 3 record address of the parameter record. This number is the row number given in Columns 

12-14 of the '6' card. 

M- Number of row numbers appearing in the parameter record. The System converts these to relative 
addresses of file 3 prior to passing control to SPEC. This number appears in Columns 16-18 of the '6' 
card. 

The parameter card used to enter row numbers and data used by the special function is a '1' card. The following 
format applies. 

Col. 1 The digit 1. 

Col. 2 - 4 Tiie row number. This number cannot have been used elsewhere 

in the matrix. 



Col. 2 

Col. 3 • 13 
Col. 14 - 16 
Col. 17 • 19 
Col. 20 - 23 
Col. 24 
Col. 25 • 28 
Col. 29 • 80 



Col. 5 . 12 



The number of the first row containing information which is used 
in the special calculation. If no rows are used, the first parameter 
should be entered that is used in the formula. 



Col. 13 - 20 'nie number of the second row used in the calculation. If data in 

only one row is used, the first parameter appearing in the 
formula. If no row numbers are used, the second parameter 
appearing in the formula. 

Ool 21. Vf^ 

Additional row numbers, if necessary, followed by all special 
function parameters in the sequence they appear in the formula. 

a^'oV^LTulS J""'"°r r""' considering a situation in which a district wished to 

Ser thfn h ?J ^r? '"^.'' " '^"^ ^^'^ to P^omm a separate routine 

S«pol ?onsf"the I'lTv" T 't ^"PP""" "^'"S "^'^'-^'''^ calculations, Agression, or 

woZ ^rL^L fn Tow 1 1^ P^""''* ^ ^'^•"P'^ ^^"-"^^ 'hat the spedalfunclion 

inoh HiJT T f • ^"^""^ ^^'^ Allocation. It would make use of previously .Sculated data 

.ndud.ng enrol ment projections (row 65). assessed valuation projections (row 81). anJ some poveThiS (row 
94). It would also use two constants (i.e.. 2.7 and .04), in that order in the equation. * 

•nie '6' Card: 

6115 9 12 120 3 
The '1' Card: 

1120 065 081 094 2.7 .04 

L'JiaTete^lw'ai'io'S'tn'? ^^IfJT''"" ^ ^^^'^^ ""^ " '•'-tines 

fnnn^^ ^ , f • ''•^ ''•"^ w"' to rows Of information necessary to the 

Junction and already m the basic matrix. The last two entries on the '1' card contain the const^ts^ssSy Jn 

lu d h ^"JrT 'he other subroutines discussTdTIpiS^ it 

l;5J^^2LOui2!it. -nie printout generated by the system will consist of a variety of distinct elements 
depending upon the requests submitted by the user. Tliese include: elements, 

A. Job control language 

B. Gear disk utility 

C. Input cards 

D. Calculation summary 

E. Reports 

F. Graphs 

A^Sii'S^i.Mii control language and clear disk utility are not required to understand the systems output 

Fi^J^s A 9 S A inT rf ^'Tn'''* " ^"""P'^ Summary printout is presented in Figure A-8 
Figures A-9 and A-10 illustrate typical Report and Graphic printouts respectively. i-'B"re a o. 

m i™™^*'"''^ 'he listing of input cards is the report heading. Tliis same heading is 

SI^HttTnl.'^'. ? ^" ''•^ ^Phs. -nie'card cnrrenfly conbTr^L 4^,'ng. 

^si??ons ^ ^y^P"-^ heading may be substituted, providing it does not exceer forty 

2- Geographic Analysis Support System . 

'^LllTT e^^g-^Phic analysis makes use of six separate data cards. IHese cards are used to 

nrfour c£d ;„P, r H ^r'"""' """""^ '*"""^'' 'h^ percent minority in each grid. Ibe 

TLZ r ^ T P'°2""" 'he l^st two are needed in RBOUND. TTie ca/ds ar^ 

lS?ed'nSon'2l'*^'°" '''' ^^^^'"^ ^"'^ P^^^"'^'* 2-2. Sample^JnS 
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FIGURE A-7 SAMPLE LISTING OF INPUT CARDS 



The first portion of ihe printout is a listing of all input cards. These cards are listed in the order in which they 
were submitted. The example illustrates selected '7,' '1,' and '6' cards from the Fiscal Component. 



O 

o 
o 
o 

O 




/ b30' 3 WIT U~ [ 
7o90 TOTAL AS 
^090 / 79597 





ID 



6o9 0Ca 
7t»92 STATE 



UT 



io9Z 
6692 



"C A P A"H^ I y 
VALUE SAGGRKATEDn 
141677 1664ri>^1998:>^ 



ILITr ASSESSMENT 
IQXSiJT 85J0 



19983 
9 1 

~GT^ u SS ~30NT)I NG"X:AP ACl TT 
70uO 900J 135U0 
42325 



169 4 

7o9o Hii>TCF ical-s:;heoul£d paymts 

lo96 312000 339000 429000 
lo9o lO;^30C0 1095000 lloOOOO 
lo96 155J3J0 1625000 17C5000 
769 3 HISTORICAL- SCHEDULED 
lo98 273437 323103 
lo98 1462221 141D685 
1698 979218 912972 
"7700- "TOTAL 




PRINCIPAL 
524000 o94uLrO 
U95UU0 i2oJ0jJ 
1785000 ld7pUiiJ 
PAYMTS INTEREST 
400751 524575 uol7dl 
13o9765 1319739 1^689^7 
843109 76721 9 68pU14 
HISTORICAL-SCHEDULECrPAYHENTS 



694000 
1 J^PUUO 
i9550uO 

d3Sol4 
l<:i46o2 
P91432 



7940JJ 90000J l03uOVO 
i3o5CuO 1435000 l4 dOOC 
2J70aJ0 22Q00QJ (2l2bTjiJt 



1035525 1257679 13:>8050 
1158fc24 1101824 1041560 
480 952 356274 24>850 



1 -5 



a7U0 X 696 698 



Explanation: 



© 
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Row 690 contains historical assessed valuation data. The 3 in Column 77 of the '1* cards indicates that the 
input values should be multiplied by 1000. Thus the entry in the eighth time period is $304,600,000. 

The *6' card for Row 690 indicates that a time series projection should be made (the 9 in Col. 6) using a 
logistics curve (the 5 in Col. 10). 

Gross bonding capacity is projected by an arithmetic calculation (the x in Col. 6). Rows 690 (Cols. 8-10) 
and 692 (Cols. 20-22) are multiplied (the *s in Cols. 12 and 24) by ten percent (the OlOK in Cols. 16-19and 
Cols. 28-31). T^*e two products are then added together by the + in Col. 69. 

The scheduled payment of principal is $2,325,000 in the 27th time period. Because this projected data is 
provided by the user, no *6' card is required. 
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FIGURE A-8 SAMPLE SUMMARY PRINTOUT 



The second part of the printout summarizes the processing that has occurred on each row. This summary is 
requestea by entenng a 1 in Column 2 of the V card. The example presents a summari^ for two rows. 




ToafJOUOwOO 9000000 
■O789S00. 00 
<0281 095. 76 
77118909.^8 
89218361. 7* 



r 



ROW SO. 
ROM SO. 



j C PROJECTION ftQJ Pfpiffl 




- li^OOUUO.oO 
^2325000.1)0 

509*l9«l/5!»— 555a27J2id6 
79528069r.37 8 Io4l0^^8. 41* 



17626000.00 21 109000. Ou 25066003.00 



27986000.00 320860OU.O0 



5987733*. 72 
di<»2:>loj.9U 



6399%^d8.9u 
84973 b«7.o9 



670USO33i7?- 
66298265.82 



■71263 9ot). 55^ 
87428865.10 



-743691 81 • 
8e393.767o9« 



o90 
692 



PFSc7 
FSE7 



o.ioo 

J. lOU 



1''°'' ''°^IS?0%r "•'I?5i^n'-""*'^°A^° '^^^"TS PRINCIPAL 

1 11^5^??^ 312 000.00 >359000.00 429JJJ.U0 

1C30000. 00' /C65000.00 ---1095JGO.OO- 
iM^^oo°*°^ / 1430000. 00 l:,50UJJ.Uu 
3070000, 007^2200000.00 23250J0.JJ 



524000.00 

~iiooaoj.oo~ 

lu^JUOO.JU 



694000. Ou 
1 19>JOO.OO 
1705000.00 



69400J.00 
1260000.00 
1785000.00 



794 000.00 
"1325000^00" 
187^000.00 



9000 UO. 00 

^365aooiog— 

1 95^ 000.00 



Explanation: 

The history data was input for ten time periods on two *1' cards for Row 694. 

Projections have been made for seventeen future time periods. 

The projection technique is listed for each row reques;. ^ projection. 

® ^['^^"^j^^''^" requested because no '6' card was subiuicted for this row. The '1' cards contained data for 
aU time penods, thus a '6' card was not required. 
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FIGURE A-9 SAMPLE REPORT PRINTOUT 



The tlurd portion of the printout is the report of all calculated information. As explained below, the report is 
formatted using *8' (header) cards and *9' (data group) cards. The example illustrates the middle nine years of the 
twenty-seven time periods for a part of the Fiscal Component. 



FISCAL COMPOf^ENT *«««« 



BONDING CAPACITY FCWECA^TINC HDOOLE" 



1975 1976 - - 1977' 



1978 



1979- 



1980 1981" 



1982 



TOTAL ASSESSED VALUE SAGGAEGATEDa 

3rA7Enrrn.lTY ASSESSWrNT 

GRDSS BOMOING CAPACITY 



^UJJOoOOJ *r^206583^ ^872X23:>8 S3l3idUl7 S73bU2881 bl329196b 6^9875^61 68^02^772 712593022 



1 99B3J0J 
«»232:7Juj 



■207252J3" 
•«6^bI09o 



-2^207104 - 23»d9l27 
509^19^2 ?:>?J<^7UJ 



25171U91 
59877385 



26653U55 28X35016 '29616962" 31098945* 
63994489 67801034 71^63961 74369181 



HISTOmCAL-SCHFDULED P AYHTS • PTITNCI PAL"^ lJu500J'-~ 105530;? 1160000^ - 117DJ00-- 12600 00 "1325000 -~ 1365000 14350 00~~*1480000 

HISTORICAL-SCHEOULEO PAYHTS INTEREST I4r04:221 i4i6o85 1369765 
TOTAL HISTORICAL-SCHEDULED PAYMENTS <:527221 251l6d5 2529765 



1J197J9 
2514739 



12o8937 
25289 37 



1214664^ 
2 539662 



BALANCE DN OUTSTANDING 8DNDS 
INTERMEDIATE BONDING CAPACITY 



29du:>0aO 
1£52UJJ0 



2d710uJJ 
17571096 



2755UO0U 
2339X942 



PROPOSED BOND ISSUES 

"PROPOSED PAYHCNTS' ON -PRFNCTPAL 

PROPOSED PAYMfcNTS DN INTEREST 
TOTAL PAYMENTS DN PROPOSED BD^DS 



2u^^5uuO 
29147703 



l^iojuuuo 

" 0 

0 

u 



BALANCE DN PROPOSED BOND ISSUES 
TOTAL BOND PAYMENTS - ALL BUNDS 
TOTAL' INDEBTEDNESS 

FORECASTED NET BONDING CAPACIVY 



0 0 
2527221 2511683 
"■2930^000" -2371 OOOJ " 



0 

2529 76 5 



l4^ JJJUUO 
2714739 



^27550000 383i5J00 



2 5U95UUU 
34762385 



U 

~ 1000000 
600UU0 
16U0000 

IIOUUOOU 
4128937 
36095000 



237700 OU 
40224489 



0 

1000000' 
55U00U 
1550C jJ 



1156824 
25238i4 

^^405000 
45396034 



llul8^4 
2536^24 

^U97u6uO 
9U293961 



0 14U000UU 
1000000 ' "2200000" 

5000UU 11!»0UU0 
15U0000 33500U0 



lOOOOUOO 
4089662 

33770000 31405000 ' 4177iiOU4i 



9Ug00U0 4^ubLiuuOO 
4U23824 5b666^4 



1041560 
_2521560 

19490000 
54679181 



' 2200000 
1090000 
3290000 

1660U000 
5811560 
38090000 



1252UJ0J 17571096 23391942 17147703 23782365 30224489 36396034 29493961 36279191 



Explantion: This report was formatted using four *8' cards and two *9' cards. They appeared in the input 
card listing as follows: 




••••* FISCAL C 



bONOlNG CAPACITY f 
698 Tool Ti2 T042 70o 708 712 7161710 718 -7t«l 



Every»8' card must be submitted in pairs, with the 2 following the 1. 

Every *8' and *9' card must have header and data group numbers respectively that are sequential. 
(c^ This is Report Number 1. 

(d^ The blank in Column 13 directs the report to be printed on the same page rather than the top of a new page. 
(e^ This is the first row in the data group (the years of the time period in this example). 

(7) A one in Ck)Iumn 13, 17, 21, 25, etc. directs a line to be skipped in the report (see blank line after "gross 
bonding capacity"). 
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FIGURE A-10 SAMPLE GRAPHIC PRINTOUT 



Urn final portion of the printout Is a graph of selected data Items. This optional display is requested with a -G' 
card. The example presents one data item for the first five years of a planning period. 



rCTAL LOCAL REVENUES 



8 9 



IS 



2C 



30 



^0 50 60 70 ^BO 90 iOO"* 



150 



1969 



I9M 



i96r 



1940 



ExplaPJitlon: The graph was initiated with a 'G' card which appeared In the Input card listing bs follows: 





(a) Row 535 information (Total Local Revenues) is displayed. Up to four daU items per graph are permitted. 

(b) In this example, data Is to be displ^ed for every time period. 

(c^ This causes the years (Row 001) to be printed along the abscissa of the graph. 

(d) a one in Column 39 directs that the graph be printed on a logarithmic scale. 
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2.1 Basic Input Cards. The first user supplied card specifies the number of school5 and the number of grids in 
the school district. The geographic analysis should be done by grade levels such as elementary, junior high, and 
senior high. The number of grids in the district is a function of the number of schools at that grade level and the 
total enrollment projected for that grade level. Reference should be made to Section 3.4 of the Enrollment 
Component for a more detailed discussion of the number of grids needed. The second card type necessary for 
BOUND is used to specify the student population of each grid. The number of cards needed is a function of the 
number of grids into which the district has been divided. Each card can accommodate eight population figures. If 
the school district has been divided into more than eight and less than seventeen grids, two cards are necessary. If 
more than sixteen and less than twenty -five grids are invnhed, three cards are required. The total number of cards 
needed is f hus determined by the number of grids. 

The third set of cards contains data describing the capacities of each school of that type in the district. This card 
is similar in format to the population card in that eight school capacities can be accommodated on one card. The 
number of cards needed is d<?»pendent on the number of schools. 

Tlie Hnai set of cards needed for the program BOUND rep- .t'nts the distance matrix. The number of cards 
needed is a function of the number of grids times the nunih r of schools. The distance from each grid to each 
school is specified as a decimal. The format allows eight distances to be listed per card. T^ie total number of cards 
needed is determined in the same manner as the population and capacity cards. 

'Hio HrU c'»dditional card needed in RBOUND specifies the tolal minority of the district as a decimal and sUtes 
the variance allowed in this factor. This data is an additional constraint on the allocation of student population to 
schools. 

^Tie la,st sot of cardr needed to run RBOUND specifies the percent minority, expressed as a decimal, in each grid 
in the tii trict. TJie number of cards needed equals the number of population cards used. 

2.2 input Card Formats . The following formats should be used :o prepare the necessary input card.s for the 
programs BOUND and RBOUND. An example of each card type is .shown in Figure A-11. 
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FIGURE A-1 1 SAMPLE INPUT CARD FORMATS FOR BOUND AND RBOUND 



!l!!]!a3ilS<13IulSSI3S!SG 



3W 



AT 



275 



I lb 



m 



31l33!3SatiS3i]Sg!!iinSSI<aE3S!l3ullllllllllll 



l| 0 



5s 



B5£ 



Mil-] 



7Z 



^2 



H2 



<Z6 



J52 



/ 3 = 



21 
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The She Fontiat 
Col. 1-5 
Col. 6 - 10 
Col. 11 . 80 

'Ihe Enrollment Format 
Col. 1 . 10 
Col. Jl . 80 

The Capacity Format 
Col. 1 . 10 
Col. 11 . 80 

Hie Distance Format 
Col. 1 - 10 

Col. 11 - 20 

Col. 21 . 80 

Racial Composition Fomiat 
Col. 1 . 10 

Col. 11 - 20 

Grid Minority Format 
Col. 1 . 10 

Col. 11 . 80 



The number of schools In the district, right justified. 
The number of grids in the district, ripht justifipH 
Not Used. 



The school population of the first grid, right justified. 

The school population of grid two thru grid eight. If there are 
more than eight grids, continue on another card by repeating 
Column 1-80. 



The capacity of the first school, right justified. 

The capacity of school two thru school eight. If there are more 
than eight schools, continue on another card by repeating 
Columns 1-80. 



The distance from ?nd one to school one, right justified, with the 
decimal specified. 

The distance from grid one to school two, right justified, with the 
decimal specified. 

The distance from grid one to each school, right justified, with 
the decimal specified. When the distances have been listed from 
grid one. the same procedures are followed for grid two and so on 
until all grids have been exhausted. When the number of distances 
exceed eight (or a multiple of eight), a new card is started 
repeating Columns 1-80. 



The percent minority of the entire school district, right justified, 
expressed as a decimal. 

The variance allowed in the percent minority of the district, right 
justified, expressed as a decim:*.. 



The percent minority of grid ojr*?. right justified, exprrssed as a 
decimal. 

The percent minority of grid two thru grid eight, right justified, 
expressed as a decimal. If Lliere are mou: than ei^t grids, 
continue on a second card, repeating Columns l-SO. 
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2.3 Systems Qui put. The printout generated by the System includes the data submitted on the input cards and a 
matrix of the optimal allocation of students to schools based on the distance matrix and the constraints specified 
by the user. Also included in the output is a listing of the number of iterations needed in each phase of SIMPLX 
to calculate the optimal .solution. 

The me.<»a(!e concerning the number of iterations can be transferred to the console of the computer system 
utilizing the "spooling" technique of output. A sample listing of the message is in Figure A-12. The output 
format of the input cards is in Figure A-13. The optimal allocation matrix and the feasible maximum distance are 
shown in Figure A-11. 



FIGURE A-12 NUMBER OF ITERATIONS OF SIMPLX 



UJ . 

O 



AFTER 



7 ITERATIONS SIMPLEX CRITERION # 0.0 



Phase 1 works toward a feasible solution of the distance matrix. A message is printed on every 50th iteration and 
on the iteration at which the feasible solution is achieved. 



Phase 2 stavts with the feasible solution produced by Phase 1 and works toward an optimal solution. The optimal 
solution is where the minimum feasible distance of the matrix is at its lowest. Phase 2 also prinU a message on 
every 50th iteration and on the iteration at which the optimal solution Is reaches. 



AFTER 
.AFTER- 
AFTER 



50 ITERATIONS 
10G_ITERATI0NS 
106 ITERATIONS' 



SIMPLEX 
SIMPLEX 
SIMPLEX 



CRITERION 

CRITERION, 

CRITERION 



« 0.2a610229E-05 

U 0.4649 1623 E^A. 

* 0.0 " 
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A-13 OUTPUT FORMAT OF GEOGRAPHIC ANALYSIS INPUT 



SCHOOL 
^CAPACITiej 



i 



J>00, 



J 

*00. 



CRIO POPULATION 
CRIO. NU*<86R 
t 100* 



CRIO NUMBER CRIO . W^^fi GRIO NUHBER 

^ 3 300. 4" 200. 



.CRIO_NUM06R__C/HD.,.HUHBER_ GRID NUM8EII 
5 200 • ~" 



• TO 
fROH» 
CRIO*_ 



SCHOOL 
1 



i 4 .CO 

. 2__ 5. CO 
3 i.CO 
* 2.00 
1 ,00 



5.00 
..3«00 
2.00 
WOO 
2*00 



J.OO 
_2.00 
1.00 
2tOO 
3.00 



RACIAL COHPOSITION BY GRID 

GRID % CRIO 

I 20. 2 



-J 

70* 



CRIO. 

3 



10. 



.CRIO 
4 



3S« 



.GRIO 
5 



% 

15. 



^CRID 



^CRID.. 



FIGURE A-14 OPTIMAL ALLOCATION MATRIX 



FROM GRID TO SCHOOL SEND STUOENTSt NUHBER MINORITY^ 
^ 1_ 45*_ __J 3K 



? 2 ' 155 • ' lOS. 

I 1 155* 15. 

^ 3 _2 , 1 v5.„ 15, 

5 i 200* 50t 



EXCESS CAPACITY OF lOO. AT TcHOOL l7" 
.EXCES5_CAPJ\£mj)F_i00...^AT... SCHOOL 3.., 



THE MINIMUM,FEASIBLE TOTaI DI S TA'^vCTI'S 33T37 
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APPENDIX a 

HARDWARE/SOFTWARE CONSIDERATIONS 



Each of the program packages used in the School Facility Planning System is written in Fortran. Each has been 
tested on an IBM Model 370-145 operating under DOS/VS. Appendix B i.s designed to further document the 
technical aspects of these programs including the job control language, the core requirements, error messages and 
subroit tines. 

1. Basic Support System. 

The computer programs that enable the analysis of the first three components require a total of 150 K bytes of 
core storage on an IBM 370. It is possible to overlay portion j of programs and execute in a sixty-five K partition. 

1.1 Disk Requirements. A disk drive Is required. Five disk files are defined as working areas: 



File 

1- File 

2- File 

3- File 

4 - File 
7-FiIe 



Description 

Direct access file with 1000 records, l^is file holds all of the row 
descriptions as entered from the '7' cards. 

Direct access file with 200 records. This file holds all of the 
information from the '8'. *9\ 'R\ 'G' cards. 

Direct access file with 1005 records. This file holds all of the 
information of the basic matrix. 

Direct access files with 1000 records. This file holds all of the 
information from, the '0' cards. 

Direct access file vr'nh twenty records. This is o utility file used 
for passing information from the main calculation programs to 
the subroutine SUMRY. 



The clear disk utility is required by DOS arid is executed prior to program execution. No files are saved. 

1.2 Data Submi ssion to the Computing System . Once all forms have been keypunched, the resulting deck must 
be submitted in the proper sequence if the System is to operate properly. Figure B-1 illustrates the sequence by 
which the cards should be assembled. 




'x' card 



•8' cards 
cards 
'R' cards 
'G' cards 



*1' cards 
7' cards 
*6' cards 



•JCL' caxtis 



FIGURE B-1 CARD SEQUENCE 160 
O 153 
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The Job Control Language (.V'L^ -aids are the Hrst set of cards and the *X' cf.rd Is the last. In general the basic 
input cc' is (*7\Tand '6*) shou.d be kept separate from the r*»port gene/atlon cards ('8', 'S' 'R' and 'G') 
However, the only fomiaJ resvrictions are that: 

1. *3* cari^ be submit tc'd iri pairs, with the '81' card a/. ?.?d of the *82' card. 

2. I.r rnor^ i.hau on? *r -ai J is submitted per rov/, the cares with the earliest time periods must be submitted 
first 

£?r.,ple job control listings are presentPd in Figures B'2 and B-S for an IBM-DOS environment. The first figure 
Illustrates the JCL used to caUlo? th^ programs. Thp second figure illustrates the execute JCL. The linkage editor 
map ;s prwenter. -n Figure B^. 

1.3 Error Me&ca^cs, Error messases are printed in line on the output reports as they are encountered. Tliey are of 
the form 

ERROR N ROW XXX 

where N is the error number and XXX is the row number of the card in error, or the row being processed at the 
time the error is detected. After the error message is printed, the System continues if possible. 

Errcr Number Definition 

3 End card was read but no history information has been entered 

into the System. 

^ End car-i w'.s read but no *6' cards were entered into the System. 

5 End card was read but no '7' cards were entered info the System, 

o On the *X' card the first time period and the maximum period are 

not consistent. 



End card was read but no *9' cards were entered Into the System. 

Row for which a second degree projection was requested 
contained no history information. 



9 Row requested in a calculation is not on fi|p. 

^ ^ Same as 9. 

^2 Row requested for a report (*9' card) is not file. 

^2 File is full. 1000 records exceeded. 

Row reque.sted in a regrcs.sion is not on file. 

Row description requcstod in a report Is not on file 

^"^ Input card has syntax error. 

1.4 Basic "upport System Subroutines. Thirty-three subroutines combine to provide the necessary support for 
the School facility Planning System. As illustrated in Figure B-S, the System Flowchart, and !W, the Subroutine 
Cross Reference Table, these subroutines are assembled in six phases, in addition to the root phase. A short 
description of each subroutine follows: 
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. // JOB 0000 JDJ 991-999-9907 
••^ * JOB JNM#J0BSNSFI,P^I#4,USERiaG0ERING d 
" Jl *-$$ LST DISP#D,FN0#'H11,C0PY#01-,CLASS#T 

. ? // OPTION CATAL , 
' ' ' PHASE FINMCTL,ROOT,N0AUTb 

■ ^ INCLUDE-RFGHTAB—— ' '■ 

.: , , INCLUDE ILFDIOCS ■. 
INCLUDE ILFFEXIT 

~ ~:" INCLUDE-ILFFRXPI— — : : 

INCLUDE ILFIBCOM , ' 
INCLUDE ILFADCON • 

: INCLUDE ILFF INT —-" ' -- 

INCLUDE ILFFIOCS 

INCLUDE IJJCPDl 
~ : INCLUDE ILFL EXP- ■ 

INCLUDE ILFLSQRT " 

INCLUDE ILFLLOG 
— INCLUDE- ERROR 

INCLUDE PUT 

INCLUDE FILL 

— INCLUDE PRINT : : ' — -~ ■- ■. 

INCLUDE MOVE 
INCLUDE FINM 

— PHASE FINMONe,* ^ — — 

INCLUDE FINMON ... 

PHASE FINMTWO ,FINMONEtNQAUTO 
-INCLUDE FINMTH ^ ■■ — 

PHASE FINMZlt* ' 

INCLUDE BUILD ' 

PHASE FINM22, FINM21 — — ^ — : 

INCLUDE BAP .' " 

INCLUDE CURF 

: PHASE FINM23»FINM2l — ^ — ■ 

INCLUDE MREG , ■ 

INCLUDE CORRE • ' ' \ • 

— : INCL-UDE-ORDER — — '■ — ^ — — 

INCLUDE M INV 
INCLUDE MULTR 

— — 1 NCL-U DE-i) AT A : — 



PHASE •FINM24,FINM21 

INCLUDE SPECl 
—■ — INCLUDE SPEC 

PHASE FINM25,FINM21 

INCLUDE SUMRY 
INCLUDE HISTP 

INCLUDE FOREP 

PHASE FINMTHRE,FINHONE 

INCLUDE FINKTH 

INCLUDE REPT , 
/* 

^/T LBLTYP TAPE — 

// EXEC LNKEDT 
/* 



. * $S EOJ 



FIGURE B-2 JCL CATALOG 



171 



// JOB NSFI JOJ lOl-'ieO-NSFI 

* $S JOB JNMiJ0BSNSFI,PRII^4.USERia&0ERING B 

* i$ 1ST 0lSP#0.FN0#4lll,C0PYi0lfCLASSiA 

// OPTION NOOUMP 

// ASSGN SYS012tXai91» 

// OLBL liOUTfillJSYSOia, 67/300 

// EXTENT SYS012t999999. I. 0, 1000,^0 
// EXEC CLROSK 

// UCL BiiXKi^OtO«180a»xaOUaffONffEIIX231^a 

// END 

/♦ 

// ASSGN SYS012.Xai91ii * 

// OLBL U0UTffaiJSYSU2at67/300 

// EXTENT SYS012i999999. 1,0, 1050,10 

// EXEC CLROSK 

// UCL B4fSKI^0,0#260a,Xd00a,0N,El^S2314a 
// ENO 

// ASSGN SYS012tXai9ia 

// OLBL U0UT,aiJSYS03a, 67/300 

//EXTENT SYS012, 999999, 1, 0, 1070 ,'150 

// EXEC CLRDSK 

// UCL aif:<KI^0,0i!860a,Xa00a,0N,ElfX23i4a 

//'kHO ^- 

/* 

// ASSGN SYS012,Xai9ia 

// OLBL U0UT,aiJSYS0W,67/300 

// EXTENT SYS012, 999999, 1,0, 1230,30 
// EXEC CLROSK 

/A* UCL BiXK#0,0»140n,xaO0a,0N,E*1231*a 

// END 
/* 

// ASSGN SYS012,Xai9ia 

// OLBL U0UT,aiJSYS05a, 67/300 

// EXTENT SYS012,999999, l,0,1270f2 

//*EXEC CLRDSK — 

/J UCL B#XKIf0,0il36P,xa00a,0N,£iS23I4q 
// ENO 

/* — ' ' - ' 



// ASSGN SYSLSTpXaOOEa 
// ASSGN SYSIPT,Xa014a 
//ASSGN SYS0Dl,xai9ia 
// ASSGN SYS002,Xai9ia 
//ASSGN SYS003,Xai9ia 

// ASSGN 'SYS004,xai9ia 

// ASSGN SYS005,xai9ia 
// OLBL tJSYSOl,, 67/300, SO 

// EXTENT SYSOOl, 999999, I, 0,I000J40 

// OLBL IJSYS02, ,67/300, SO 
// EXTENT SYS002, 999999, 1,0,1050,10 

//' OLBL IJSYSVJS, ,67/300, SO 

// EXTENT SYS003, 999999, 1,0,1070,150 
// OLBL 1JSYS04, ,67/300, SO 

//^EXTENT SYS004, 999999, X,C,1230f30 — ' ^ 

// OLBL fJSYS05, ,67/300, SO 
// EXTENT SYS005, 999999, 1,0,1270,2 ' 

y« — ' — 

// EXEC FINMCTL NSFI 
R I 1965 19B3 

XI ^ ENO 1965 1991 

/♦ PLACE INPUT DATA BEFORE THIS CARD 

/t 

• SS EOJ ' 



FIGURE B-3 JCL EXECUTE 
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' 09/2^/75 PHASE XFR-AO LOCORE HICORE OSK-AO ' ESO TYPE LABEL LOADED REL-FR 

^^ ^^^ _ ' com OTEaCB 0017BC. * 

.-T^OOT ^~FINHCTC-^B<BE"8~080:J8ff^WFBB*^TO--« irPUNrAS— ffBOUBB— D¥0W8'-TlEUC)CATlkBCr 

J • "* . V . CSECT ILFOiOCS OdOIBO 080IBB ; 

~ ' ^ — •-^iNTRr_lLFD10CR_0QJ2lc ^ 

ENTRY UiOCb# OBOlbd 



CSECT I LF IbLOH 060408 060408 
ENTRY.. IBLOH# . OtiO^Ott 

ENTRY KbAUiW 0#l^36d 

ENTRY UPbYS Udl-^JC 

ENTRY INTSM 0diJ6A 
ENTRY POPAH. ^08iJL80 

ENTRY UUMPbM* OBiiuA 

• ENTRY iJTlNrSW 08136A 
ENTRY lOSkF 0605C9 

"CSECT rCFFEXlT'~08042a ^^80420 " 

ENTRY EXIT 080420 

♦ ENTRY iJTFXiT 06^420 



X5ECT 



~i LFFRXPi — oe(r4^a — ow^i^ 

ENTRY FRXPU 080440 



J^SECT ^ILFFINT 
eWTRV^SAVEKR * 



0B2598 062598 
'082A7a ^ ' 



CSECT 

ENTRY. 

. ENTRY 
ENTRY 
ENTRY 

ENTRY, 

ENTRY 
ENTRY 

X5£CT.^^ 
ENTTF 
ENTRY 
ENTRY 

iNTRY- 

♦ §NTRY 



-CSECT 

ENTRY, 

♦ ENTRY 

CSECT 



ILFAOCUN 

ILFFCVLU 
ILFFCVIO 
ILFFCVCU 
- ILFFCVAO, 
ILFFCVZO 
INfaSM 

JLF.FIOCS^ 
IJSYSLO 
AOIOCR/y 
ILFFBORG 

jILFBFORG. 
Utta6AVE 

IJJCPOl 
-IJJCPOiN^ 
iJJCP03 



06I4B8 



081488 
.081FA2_ 
0bl73A 
OBlA/d 
0821BC* 
. J8X6AA: 
U8X604 
082580 



^082363 P82B68 

0838F8 ' 
J8373C 
01 37EC 

0t37E8 

0a37E4 

0839E0 0839E0 

.Q639E0 

0B39E0 



1U2LU005 0839/0 082666 



CSECT 



jar-o 83 cars' 

084436 0B4438 
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FIGURE B-4 LINKAGE EDITOR MAP 
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^ 09/24/75 PHASE XFR-AD l,OCORE HICORE OSK-AO 



^0 



I 



CSECT 



FINHONE/ 08<rFC0 Oa^FCO 067088 070 08 06 CSECT 



ESO TYPf LA8EL 
CSECT HOVE 

n^ClT 

PRINT 

FINHON 

"FrNMr* 

HIST 

"ffer 

NATR 
"REPh 



"xsecT" 

CSECT 



CSECT 
CSECT ILFFOXPI 

£r4iRy Foxpiifc 



FINHTwa 
FINN22 



08<rFC0^ 08<rFC0 085583 070 OC 09 CSECT FINHTW 

_0d558.8 085588_ _0860C7 070 OC. 08. CSECT dUILO._ 

08558 8 085508 086403 070 00 04 CSECT 8AP 

. ■■ ^ ; ' ■■ : ' CSEC T C URF 



CSECT ILFFOXPI 
♦ ENTRY FOXPI» 
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FIGURE B-4 LINKAGE EDITOR MAP (con't) 
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FIGURE B-4 UNKAGE EDITOR MAP (con't) 
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FIGURE B-5 SYSTEM FLOWCHART 
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Description 



FINMON 
FINMTW 



f;.nmth 

HNMl 



HIST 



MATR 

REPH 

BOILD 
BAP 

MREG 



Main program. Initializes l-file and S-file. Calls the overlaid 
phases FINMONE, FINMTWO AND FINMTHRE, with entries 
FINMON, FINMTW and FINMTH, respectively. 

Calls FINMl. Its purpose is simply an entry into phase 
FINMONE. 

Entry Into phase FINMTWO. Its purpose Is to overlay three 
p!;wc8, FINM21, FINM22, FINM23, FINM24 and FINM25. 
Tliese have entries BUILD, BAP, MRKU, SPECl and SUMRY, 
respectively, TTieso programs arc tho nctual projection routines 
tor the System. 

Entry Into phase FINMTHRE. Program calls HKPT and GRAPH. 

This reads and 1 all of the input cards. At statement 2 It 
branches 10 ways depending upon whether CCl contains a 
blank, 1, 5, 6, 7, 8, 9, G, R or X. The cards with a blank in CCl 
are ignored and the next card is read. The '1' cards call subroutine 
HIST to make entries in the S-file. The '5' cards will modify 
entries previously made in the S-file. lY\e calculations are done 
between 103 and 104. TTie '6' cards cause a call to MATR to 
make entries in the 4.rile. The 'T cards make entries in the l-file. 
TTiese calculations are made at statements 105 to x06. The 
•8', '9', 'R', 'G' cards cause a call to REPH to make entries in the 
2-rile. Hie 'X' card is processed at statement 110. Some entrf 
are made in the COMMON variables to indicate the number 
periods of projection required. After the 'X' card is processed, 
program returns control to FINMON which will relinquish 
control to FINM. 

This program is called by FINMl. It makes an entry into the 
S-file for a '1' card. If the row number on the card was previously 
entered, this program locates the record and adds the additional 
historical information. If it has not yet been entered, a new entry 
is initialized into the file. 

This program is called by FINMl to process the '6' cards and 
make the necessary entries into the 4-rile. TTiese entries will 
subsequently be used by other programs to actually make the 
projections. 

Called by FINMl to process '8', '9', 'R' and ^G' cards, and make 
the necessary entries in the 2-rile. Subsequently this information 
will be used to print the main reports and the graphs. 

Called by FINMTW. This Is the program which performs all of the 
arithmetic calculations. 

Called by FINMTW. This program performs second-degree 
extrapolation. It should not be necessary in the School Facility 
Planning System. 

Called by FINMTW. This program performs all multiple 
regressions. It is called by SPEC. The program uses Tie IBM 
Scientific Subroutines CORRE, ORDER, MINV and MULTR. 
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SPECl 
SPEC 



SUMRY 



MINV 
MULTR 
CORRE 
ORDER 



SPECl is called by FINMTW. SPECl calls SPEC after performing 
some initialization t^isks. Tliese programs perform all of the time 
series projections. They do the least squares fitting of the linear, 
exponential, logistics and Gompertz curves. 

Called by FINMTW followng the calculation of each row- This 
program analyzes and prints the Summary Report. 

'Diesc arc IBM Scientific Subroutines. 



CURF 



DATA 



HISTP 



FOREP 



REFT 



GRAPH 



ED!X 

FILL 

MOVE 

PUT 

PRINT 

GET 



Called by BAP. Not used in the System. 

Called by CORRE. This is needed to provide the data in the 
correlation matrix for the multiple regressions. 

Called by SUMRY to print out the historical data for the row just 
calculated in the Summary Report. 

Called by SUMRY to print out the projected data for the row just 
calculated in the Summary Report. 

Called by FINMTH. TTiis is the main report generator. It 
interprets the *8' and *9' card data and prints out the reports 
requested. It calls routines EDIX, FILL, PUT, and PRINT to edit 
and print the output lines. 

Called by FINMTH. TTiis is the graph generating program for the 
graphical output. 

Small routines to assist in data input and otitput printing, editing 
and converting. 



ERROR 

CHAR 
IMAN 



Called by m )St. progreuns to print error messages. 
Called by GRAPH to perform data scaling operations. 
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FIGURE B-6 SUBROUTINE CROSS REFERENCE TABLE 



SUBROUTINES CALLED 

NAME CALLED BY 

1 FINM 2,3,4 - 

2 FINMON 5 1 

3 FINMTW 9,10,11,12,13,26 1 

4 FINMTH *23,24 1 

5 HNM 1 6,7,8,26,30,31 2 

6 HIST 26,31 5 

7 MATR 31 5 

8 REPH 30,31 5 

9 BUILD 26 3 

10 BAP 19,26 3 

11 MREG 15,16,17,18,26 3,14 

12 SUMRY 21,22 3,14 

13 SPEC 1 14,26 3 

14 SPEC 11,12 13 

15 MINV - II 

16 MULTR - 11 

17 CORRE 20 11 

18 ORDER - 11 

19 CURF - 10 

20 DATA - 17 

21 HISTP - 12 

22 FOREP - 12 

23 REPT 25, 26, 27, 29, oO 4 

24 GRAPH 32,33 4 

25 EDIX 27 23 

26 ERROR 27, 28,29,30 3,5,6,9,10,11,13,23 

27 FILL - 23,25,26 



FIGURE B-6 SUB'^OU- INS CROSS REFERENCE TABLE (continued) 
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•» Geogr£phic Analysis Support System. 

ihe BOUND and RBOUND programs that perform the allocation of students to schools require a variable 
amount cf core storage area depending on the number of grids and schools involved in the problem. To 
implement these programs the DIMENSION statement at the beginning of each program may need to be 
modified. TTie DIMENSION statement has the following general format: DIMENSION IBV(r),D(c)^(r,c)^(c). 

In BOUND the variables assume the following values 

r-m+n+l c*mn+2m+n+l 

where m - number of grids and n - number of schools. 

In RBOUND the variables assume the following values 

i*-m-i 3n+l c-mn+2m+3n+l 

where m - number of grids and n - number of schools. 

The user fhould ensure that core storage of the amount r x c + 10 percent is available. The two cards immediately 
following the DIMENSION statement must also be changed to specify adequate core storage. The general format 
of the cards is NRD-r and NCI>-c. TTie variables r and c assume the same values as specified in the DIMENSION 
statement of each program. 

2-1 Program Description. 'Hie basic concept of the programs BOUND and RBOUND Is to read the input data, 
construct a matrix, and determine the optimal g^-lution utilizing the functions of linear programming. Tlie 
subroutine used In these programs Is SIMPLX. Tlie first use of SIMPLX Is to determine a feasible solution (Phase 
1) and the second Is to move from that feasible sc^ution to an optimal solution (Phase 2). Phase control Is 
provided by the formal parameter, IPHS-1 or 2. 

Tlie problem to be solved by BOUND is the following: 

minimize - ^ ^ d-. x.. 

subject to ? Xjj - pj for i - l,2,...,m 

? Xji — Cj for j - 1,2 n 

The assumption is made that djj is non-negative for all i and j. The first m equality constrainU can therefore be 
replaced with inequality constraints of the form ^Xjj ^ p ^ . 

An examination of the structure of the matrix yicL;:> a more complete understanding of the operation of the 
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? . \h ^ ''''' <=°"struction is given for a problem with five grids and three schools. 

^TJlT.?' .'k^L'"*''' ^"'^^^'^ ^ other is the partial diagonal 

^r^onlf r v",'"'"!''- '^"'^ '"'"^ '''^ ^^'"^ 'hat axe introduced in 

i^H^^ il • T^"^ =^!gonthm. A detailed explanation of th« role of artificial variables can be found 

in naoiey. T heory of Linear Procjamminf^ . p. 118. 



FIGURE B-7 BOUND MATRIX 
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Hie two groups of rows correspond to the two classes of constraints in the basic problem. Hie first m rows 
TSJ!! c° P°P"'^"°" «=°"s'"in's of the m grids. .ITie last n rows conespond to the capacity constraints of 
the n schools. Tfu ones m the first nm columns represent the coefficients of Xj,. in the su.^s of the constraints, 
•nie remainm,5 ones end negative ones in the array account for slack or artificial vanables as needed. Hie total size 
Mst fuSn" ^'"^ '°"*"*2m+l columns. An extra row not shown in the figure is included for the 

Once the array has been built. BOUND calls the subprogram SIMPLX vJth the parameter IPKS-1. A Phase 1 
calculation is perfcrmed and the artificial variables are eliminated according to standard Phase \ techniques Uoon 
return fro..-. Phase l. SMPLX b called immediately with IPHS-.2. This time the cost function is mii^mized and 
the optimal solution is found. BOUND then prints out the non-z.ro variables of the matrix in a readable format. 

Two additional sets of constraints are needed to solve the RBOUND problem. These constraints have fhr 
following general form: 

i{B-V.bj,Xij « 0 and ^ (bj-B-V) Xj. SO for j - 1.2.....n 
where r; - B-V-bj ; Sj - bj-B-V 

RBOUND is organized in the same way as BOUND except for the revised structure of the matri" fhe additional 
constraints are added to the .tray « 2n rows. The slack variables for these sets of constTainb we inserted as 
columns rnn+n through mn+3, moving the remaining columns of the original array 2n positions to t! ? right 
These modifications to the original array are shown in Figure B-8. • • 

The total size of the above array is m+3n+l rows by mn+an+2m+l columns. An extra row not shown in the 
ngure IS included for the cost function. 

Once the anay has been constructed, the remaining operations of RBOUND are identical to tnoso of BOUND. 

2.2 Data Submission tn the Computing System. Since th.> program was tested on an IBM 370/145 DOS/VS the 
job control language below is for that configuration. In general the operation requires a compile, link edit and eo 
Hie sequence of the program subr.iission and the JCL prp presented in Figure B-9 " 
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FIGURE B-8 RBOUND MATRIX 
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// JOB (Standard ob Card) 

* $$ JOB JNM aBSNSFI,PRI-4,USER-*iVATL SCI FOUND' 

* $$ LST DISr D,FNO-4111,COPY-01,CLASS-A 
// OPTION LINK 

// EXEC FFORTRAN NSFI 



Include Program Source Deck Here 



// EXEC FFORTRAN NSFI 



Include Subroutine Source Deck Here 



/♦ 

// EXEC LNKEDT NSFI 
// ASSIGN SYS002,X'014' 
// ASSIGN SyS003.X*OOE' 
// EXEC 



Include Data Inpt t Car is Here 



/& 

* $$ EOJ 



FIGURE B-9 JCL BOUND 
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APPENDJX O 

MATHEMATICAL AND STATISTICAL ROUTINES 



wL^ « r f ""'°"'"''-^<i^ the use of various extrapolation and rpgression analysis 

So nZo r f u^PP'"'^" familiarize user, with ti.e logic of these techniques ano 

ho Elnn " "I' '^PP*'"'^"' '"''^ ''''' 'hat are Incorporated in 
ine basic support system package. 

^Jnc!^iS!i^! 'r' "^'^ '''' rrchniquPS. Reference to standard statistical textbooks 

IS encouraged to fully understand the .uijnKsnta) procoL^ ncs. 

^- Time Series Projections . 

iT donp "iir Srf "'"^ '° ^"'"^^Poiate trends into ine future which have been exhibited in the past. TTiis 

IS done by .denti y.ng the curve which best f.ts Ihe historical end exp^-ted data. TTie selection of that curve is 
perhaps the most important, and difficult aspect of long range forecasting. 

Slt° if'fhe'nrX^' f ^'7 ''^ ^^dressed if meaningful results are to be obtained. TTie 

nrst IS the problem of determinmg the basic dynamics of the variables involved. TTie questions which must be 
answered a,.: my do the variables behave as they do? What pressures cause them to cLnge values rtim o^ 
into L^H the magnitude of these pressures? In the content of curve fitting these questions comb^e 
into. What IS the mathematical form of the curve which is to be fit to the data? 

3?nVm7c°"r^la'ti;Lh!n ''I'T?''"' °' de-.rmining the nature of the statistical deviation from the basic 

nrnhTrif u^! ^'"'"^ ^^"'""^ ^hat is the distribution of the 

probab.Mt.es associated wuh the deviations of the variables from the curve being fit to the data? 

fitHnr.n^ concerns a:e easily resolved because time series projections belong to that special case of curve 

t^Sues for m 'nV"^' ""'^"^^ ''''' ^^"S'' ''^ PO*"^" AH sUtistical 

llTTal I ^ ' '^'"y "^'^^'"^ '"^"^^ ^^"g^ °f values under observation. But in 

Sde £ : f "r '^V'" '^^^ ^^"^'^ °f --ble. or even dosely 

°ime t lues that' tl ° R^'hev interest focuses on values so far outside the range of the observed 

.me values that the sUt.st.cal measures associated with the projected values will be largely meaningless It 
TrTcZ, T: r""^ ^^^'"2 ' '^""^ " '°"8-range planning situation, most' oHhe e oJ be 

Toward choT^^^^^ ^^''term.n.ng the dynamics of th. r. ationships. That is. most of the effort must be directed 
toward choosing form oi the curve to be fit. 

tt 'difluU S'lT 'T"'""' ''"'''"^ °' ^-^'-rapolations and ignores 

wide^^nd L^t h° . H, P^°J'"^''°"- '^^ ^"'-"^ are apparent. Tl.e dynamic, of the relationships vary 
widely and must be handled on a case by case basis. Without some advanced knowl.dc. of the ways in which the 

of tJe rutu?e.'° ' " " --"'"g'^^ t° simply look at h.^orical data Tor a view 

As iiidicated jn Chapter Two. the basic support system provides five different growth/decay curves for time series 

mwtTofdr.in n^T ''-.^fr""" ''"^'^ °" ^" ^""'"P^'"" regardii.g'Ihe condi^:ions which reSThe 
erowth or decline of the vanable being project^ri. The extent to which actual conditions agree with the.e 
assumptions will determine whether a given curve will provide useful forecasts of future values. 

The five curves can be described in tem,s of the pressures which affect frowtb or decline within a community 
lach curve is a special solution of the differential equation: "•""' ■y. 

V - f(Y.t) + M(Y.t> 

where; 

f(Y.t) - growth/decline factor 
M(Y.t) - migration factor 

Y - total value or population being estimated 

t - time. 
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This equation sjggests that every community has a nuclear growth element, F(Y,t), and a migratory element, 
M(Y,t). Ihus a population changes as a furcrion of births/deaths of the existing population and migration. 
Similarly assessed valuation Guctuates in responsic- to the value of existing land and structures anid the addition, or 
deletion, of structures. Assumptions jonceming the values f(Y,t) and M(Y,t) affect the different formula 
derivations from the differential equation. 

1. Linear Curve . If f(Y,t ; =0, and M(Y,t)-A (the migration factor is a constant), then the differential equation 
takes the form: 

Y' - A 

Hie solution of this equation is: 

Y - A + BT 

2- Exponential Curve. If f(Y,t)«B {the growth/decline factor is a constant) and M(Y,t)-0, then the differential 
equation takes the form: 

« BY 

Hie ution of this equation is: 

Y - ,\X^'^ 

3. Modified Exponential Curve . If f(Y,t)«C (the grovirth/decline factor is a constant) and M(Y,t)-A (migration 
factot- is also a constant), then the differential equation takes the form: 

Y' - CY + A 



D\c solution of this equation is: 

Y - A + BX^ 

4. Logistics Curve . If f(Y,t)- \ L / (the growth/decline factor decreases in direct proportion to an 
upper bound) and M(Y,t)-0, then the differencial equation takes the form: 

1 

The solution of this equation after substituting 1- A is: 



5- Gompertz Curve. If f(Y,t) - LX^^ for C-0 (the growth/decline factor decrearcj exporunVially} and 
M(Y,t)-'0, then the diffc-rrntial equation taKos the form: 

Y^ - LX^'^Y 

L 

i\.e solution of this equation after substituting B='C i*;" 

Ix)^ Y - A + BX^^ 

Figures C-1 through C-5 graphically depict these five curves, Fi^^rrp C-6 depicts sampie output data that u 
provifiod by the basic support system when one of the time series techniques is used. 

2. J^egrcssion Analysis . 

The basic support syitem aljcrws the uw of linear cr exponential multiple regression. Chapter 2 has described the 
regression formula. A relatively simple version is presented using subroi; >mes from the IBM SSP computer 
p?-kage. 
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FIGURE C-1 UNEAR CURVES 



FIGURE C-2 EXPONENTIAL CURVES 




LOG Y - A i- 3 X EX? (CT) 




FIGURE C-4 LO 'rISTICS CURVE 



FIGURE C-5 GOMPERTZ CURVE 
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FIGURE C-6 SAMPLE OUTPUT-^IME SERIES TECHNIQUE 
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All variables included in ihe regression must be named oy the user. Tt)c dependent variable is also named. Figure 
O-/ tllustratcs the summary printout provided for every regression that j used in the model. Tlie regression 
coeincienis 35 determined by the computer are printed. In addition, an analysis cf variance table (ANOVA) is 
pnntcQ so that the scodr.css-of-fit tan be veriHed. 

Users will want to determine the goodness-of-fit for each regression. The or CoefHcient of Determination can 
DC calculated by divrding the sum of the .squares attributable to regression bv the same number plus the sum of 
tne .squares deviation from the regression. Tlie R^^ value indicates the percentage of total variation in the 
aependent variable than can be explained by the independent variables, as opposed to random fluctuations or 
phenomena not accounted for in the regression. 

9 

Ihe R- value may range from 0 to 1. The closer the value of is to 1, the Kroator the portion of total variation 
explained by the regression. If R^ is near 0, the fit is effectively worthless. Additional terms that are contained in 
tne reg^fession analysis printout include the following: 

Rep-ession Coerficients: Coefficients determined by the program for each of the independent variables used 
the regression. These are estimates which indicate the magnitude, and by their sign, direction of the 
relationships between each of the independent variables, and the dependent variable which is being 
piojectrd. Other statistics presented in the table are used to indicate how well these coefficients meet 
various statistical criteria. 

Standard Error Coefficient: A measure of the significance of the regression coefficient. The range of the 
re^jular regression coefficient is interpreted as B - S where ii is the regression coefficient and S is the standard 
error. If S is much smaller in magnitude than B, then the sign of the regression coefficient may be 
interpreted wnth confidence. If S is nearly as large as B, then the coefficient should be used with care since 
there is a significant change, at least 15 percent, that the true regression coefficient is of the opposite sign as 
tl.e calculated value due to random errors in the data. 

X;Y Correlation: The degree of correlation between the dependent variable and the independent variable. 

TA[a}ue: A measure of the significance of the regression coefL Jent representir . more than mere chance. A 
stiitisticaJ table should be consulted to determine the level of significance. The larger the absolute value of 
the T-statistic, the rreater the degree of confi. -nee f hat can be placed on the significsnce of each particular 
coefficient. 

Mean: The mean value of the observations. 

Standard Deviation: A measure of dispension of f he observation. s. Tlie square roo t of the arithmetic mean of 
the differences between the actual values and the mean. (Sy - VT/n Z (Y-Y)^) 

Constant Term : intercept of the vertical or y-axis. 

Multiple Correlation: The degree of correla? m between the drpciident variables and all independent 
variables in the equation. 

g^jndard Krror of the Estimate: This is the standard deviation of the residual, lliis term is the square root 
ol the arithmetic mean of the squared deviations around the estimate. (S = /l/n T (Y-^)^) 't measures 
the enor involved in the regression. Ihc smaller the value of the standard^error, the better the regression has 
reproduced past history. 

r^ 'grees of Freedom: The number of unrestricted variables. Ihis is typically c^lviilated as the number o£ 
data observations minus the nunibcr of variables in the regression equation. 

Sum of Squares (attributable to repression): The variation explained by ihc fitted regression. Z (Y-Y).^ 

Sum of Squares ^(rU>viation from regression): The variation left unexplained by *he fitted 
refp'ession. Z { (Y - Y)."^ 

Mean Squares: Tne sum of so.uares divided by the number of degrees of freedom. 
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F'Vaiue : A measure of the significance of the regression representing more than mere chance. A statistical 
table should be consulted to determine the level of significance. It Is similar to the T-statistic, but wherr 
each T-value is associated with a particular independent variable, the F-value applies to the entire regression. 
The larger the F-value the better the goodness of fit for the entire equation. 
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APPENDIX D 

STATISTICAL AJVALYSIS SYSTEM 



?ar n^f ^"^'^^'^ "^P^^^''"^ ^ useful tool in evaluating the relative impact of various 

h!l f ^"7^"°" °f P^t":"'ar interest. Regression estimates may also be used to generate forecasts in 
cases where reliable forecasts for ea^h of the independent variables are readily available or may be obtained with a 
reasonable exp. nditure of time and effort. ooiainea wim a 

'^^.t-',T^' °\t^''' T'f'' '"'^ °P^^"°" °f °P"°"«' computer program which 

ma> b€ used m the estimation of multiple regression equations. TTiis program includes several procedures which 
are not mcorporated in the Basic Support System described previously.^ 

UltU^r"" " ""Tu """'^''^ "'^ ^'"^ ^"f^f""^ System in that only one regression equation can be 

m V ^ntsTnt™?- " T 'rl" "''^^^''-'^ '-'''^ '"-'"ated. However, in some insUnc^. the pS^m 

accLn^ndT/h c °^ '''"'^""'^ '"'^ '""^eis than those which^be 

accomnodatea by the Basic Support package. 

whi'riflnnTT/"? " "'^ •^"^"''""^ ^PP^"'^"'- " '"'^"ded to represent a tool 

^h,ch . applicable to many areas of the school facility planning process. Hiose users familiar With statistical 
techn.q.ies may thus estrmate models of their own construction. Hie additional procedures included in tS 
program allow a greater degree of fiexibiiity in the choice of such models. 

The basic procedure in the program is the straightfor^vard multiple regression technique. The additional routines 
TnH ^' ""J""*^""" the basic technique are distributed lags, artificial orthogonalization 

and autoregressive least squares. Each of these is briefly described in the first sect^,. of this appendix HiTnext' 
section out mes the steps necessary for the implementation and operation of the program itseff inc udirTg inpu 
card formats and interpretation of sample output. A final section identifies various .?Jcal loca'tls Sin fhe 
program to facilitate potential modifications and to provide access to more extensive c itput. 

1 General Design 

^tiJ^^Z I'^^J"'.'^"" incorporated into the program for use in conjunction ^ith the basic multiple regression 
SSd bit""" " °" " " '"^ combination. Hie general purpos of each' tech^ue is 

1. Distributed Lag. The dependent variable in a regression equation may be influencfd not only by the 
curren level of a particular independent variable, but by previous values of this variable as well For 
example, si^ppose that the dependent variable in a particular regression model was the level of district wide 
enrollment, and that one of the independent variables was the number of new housing units of a particular 
type. A housing unit constructed in a given year should (on the average) exer^ some impact on the overall 
public school enrollment level. This housing unit should continue to affect enrollment levels in future years 
as wel . However, the nature of this effect may change over time as the dwelling unit ages (along with Its 
inhabitants). This relationship could be modeled by the following equation: 6- i B 

^t " ^l^t-Q ^ ^2^t.l ^ ^ + BjD^.i 

where E^ represents the level of enrollment, in time t. D^.j the number of dwelling units constructed in the 
time penod t-i. ard n, represents the coefficient to be estimated, i.e. the magTiitude of the effect of new 
dwelling units in a given year on enrollments. For a given type of dwelling unit, the B coefficients could be 
plotted against the time period to which it applies, as in Figure D-1. 

A plot of this nature might indicate a cycling effect wherein newer housing contributes more significantly to 
en-ollment levels than older homes in which families continue to reside after their children are past school 
age. Dwelling units constructed in the current time period (D^.q ) as well as unit.-= constructed in previous 
years (U^.j . 1-1.2....) could each be used as independent variables in an attempt to explain the variation in 
the current enrollment level. However, two major problems might be encountered in the estimation of such 
fr."°1 ?, P>-°blenis could stem from the likely collinearity among the independent variables 

(Dj.j ). 7- . collineanty could significantly distort the statistical estimation of coefficients for each variable 
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FIGURE I>-1 SAMPLE B COEFFICIENTS-DISTRIBUTED LAG 



and thus obfuscate potentially useful insight into the nature of any cycling phenomena associated with the 
relationship betwc .i new housing and enrollment in subsequent years. 

The second possible difficulty with the straightforward inclusion of dwellings constructed for previous years 
as indnpendent variables is that each such variable uses up a degree of freedom, and hence decreases the 
reliability of estimates made with restricted amounts of data. 

Both of these potential problems may be partially compnnsated for by using a distributed lag technique. 
Such a technique involves the construction of a smaller number of intermediate variables from the original 
variable. Coefficients applicable to the intermediate variables are estimated, and these coefficients are then 
transformed into a set of coefficients applicable to the original variables. Collinearity is generally not a 
problem with these intermediate variables, and since there are fewer of them, fewer degrees of freedom are 
sacrificed. The distributed lag technique employed in this program is that developed by Almon^and involves 
the estimation of distributed lag weights by polynomial approximation (to a curve such as that shown in 
Figure 04). 

When an independent variable is to be converted into a distributed lag variable, two values must be specified 
by the user, the degree of the polynomial and the length of the lag. The selection of both of these values is 
somewhat arbitrary and a process of trial and error may represent an effective method of such a 
determination. 

The degree of the poJynomial affects the complexity of the restrictions to be placed on the lagged weights 
(as plotted against the lag period). For example, if a second degree polynomial is specified, then the weights 
will appear in the general configuration found in Figure D-2. As the degree of the polynomial increases, this 
configuration can become more complex. 



j = i + l 




0 



FIGURE D~2 SAMPLE B COEFFICIENTS-DISTRIBUTED LAG 
(Second Degree Polynomial) 
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HIa r '"'"™^'l'ate variables is equaJ to the degree of the polynomial minus one. -Diere is a 

S^n^nL »^ • conserving degrees of freedom by decreasln?, the degree of the polynomial, and 

allowing the approximating polynomial to approach more closely to the actual weights by increasing the 
degree of the polynomiaJ. It is suggested that the user begin with a second or third degree polynorr-kl and 
then reitera e the procedure using higher degree polynomials. By examining the significance of th? resultant 
r1?««h 7"^u associated t values for these weights as well as the overall 

K-squared value for the regression), the user can arrive at a subjective determination of an appropriate degree 
icr the polynomial. ff f 6 

A determination of the length of the lag to be used may be less subjective than the decision as to the 
appropriate degree of the polynomial where the user has some idea as to the reasonable maximum time 
period over which the value of the independent variable in a given time period will continue to affect the 
dependc.i variable. A system of trial and error may also be used to determine the appropriate length of the 
S,m.l"„?H "vf' '"'"^ "maximum lag length and subsequently changing the lag length so that only 
significant distributed lag weights are maintained (as measured by the associated t values). 

Li.4r^^7^ Orthogonalization. A second procedure included in the program is the artificial 
orthogonaliza. on of the independent variable vectors in the regression equation as an approach to the 
Droblem of multicolUnearity. When two or more independent variables are closely related, the esUmated 
.ejression coefficients may be distorted. In such a situation, it may be difficult or impossible to identify the 
impact of an individual independent variable. 

'S\ Tn^r' '"u'"'' ""'""'""y orthogonalized by computing the principal components 

proieiuS Srp^.frn't"^ components themselves as regressors in the multiple regression estimation 
JZiy \ r !^^^""^"' ■•^p'^'O" coefficients may then be transformed into coefficients applicable to the 
ZZ?1 h f '"'*^P^"'*^"' ^"•"bles. -niese transformed coefficients should more accurately reflect the 
relationships between the dependent variable- and the independent variables. 

As was the case with the distributed lag procedure, the user must specify two values, both of which are 
Zvori r 7 " ^ '° determine whether the artificial orthogonalization process is in fact 

Zlt n '""f --eached as to the severity of the multicollinearity between the independent 

variables. One way of making such an evaluation is to examine the correlation matrix for the independent 
vanab es. A large correlation coefHrisnt (i.e. a correlation coefficient approaching an absolute value of 1.0) 
indicates a depee of collinearity between the two variables. Some arbitrary value for the correlation 
coefficien must be selected as representing the degree of collinearity which warrants the use of the artificial 
orthogonalization procedure. It is suggested that the user specify a critical value of around 0.75 initially. 

rvl'f* r?"; '"'r'^ '"^y ^'""^ °'her value, or may try, sequentially, 

several critical values depending on the severity of the potential distortion arising from this colline^ty. 

^H^Mr"!"''' '"^"T""^'^** 'he program involves the transformation of the initial independent 
variables into anot.:er set of orthogonal variables. This transformation process is based on a weighting 
matrix, the columns of which consist of the eigen vectors which weie calculated from the origin^ 
independent variable matrix. TTiese vectors are arranged in descending order according to the magnitude oi 
the ^ociated e.gen values. In the process of converting the coefficients estimated using the orthogonalized 
Z^ UfT ».PP."cable to the original independent variab.es, the weighting matrix is again 

U£ed. If this weighting matrix is used unaltered, the resulting coefficients are identical to those which would 
wni'fri ^ the original independent variables were used in the multiple regression equation, and thus 
w,n contain any distortions arising from multicollinearity among the independent variables. By eliminating 
certain columns from the weighting matrix and replacing them with vectors containing ail zercs. aiternative 
sets of coefficients applicable to the original variables may be derived. The elimination of columns in the 
weighting matrix corresponds to the elimination of noise or nonsense variation in the independent variable 
matnx. TTie coefficients resulting from this procedure should more clearly demonstrate the nature of the 
relationships involved. Several criteria exist, however, for the determination of the appropriate vector(s) to 
^..minate from the weighting matrix. TTie criterion incorporated into the program is based on the deletion of 
the component(s) contributing the smallest amount of variance. ITiis is done by specifying the percentage of 
1 '"'*^P^"'*^"' ^"'""'^ that the user wishes to retain in the component matrix. It 

IS suggested that a very large percentage be used initially, for example 99%. This percentage can be reduced 
in subsequent iterations of the procedures. TTiere is a trade-off associated with the specification of this value. 
As noise variance is eliminated (by eliminating columns in the weighting matrix) the resulting regression 
coefficients should more accurately reflect the fundamental relationship between the independent variables 
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and the d-?pendent variable. However, as components are eliminated, the overall fit of the regression 
equation wi!! be diminished. The selection of an appropriate number of components to be deleted (and 
hence the percentage of variance in the original variable matrix to be retained) is thus an arbitrary one and 
will ^.-ary from one equation to the next. A subjective evaluation of various sets of coefficients derived from 
trial and error iterations is perhaps the most efficient method of evaluation for this trade-off. 

For the exact procedure used in this program, see B.T. McCallum, "Ajriiricial Orthogonalization in 
Regression Analysis," Tlie Review of Econ omics and Statistics, Vol. Lll, No. 1 February 1970, pp. 
110-113. 

3- Autorcgrcssivc Least Squares. Serial correlation among the errors is a problem frequently encountered in 
multiple regression estimation when time series data is used. This problem is of particular importance when 
the regression coefficients which have been derived are to be used in the generation of forecasts. Serial 
correlation occurs where the error term (defined as the actual value minus the estimated value) in a 
particular time period is correlated to the error tenn in the previous period. Thus, when an error is positive 
one year, for example, it is likely to be positive in the following year as we!?. Ideally, this error term should 
be randomly distributed. 

.Scr li c.vrfa^j^ition may be identified by simultancousiy plotting the estimated and actual values of the 
idr?pc>idt-) ; variable (Y), as in Figure D-3. 



y 




FIGURE EK3 IDENTIFICATION OF SERIAL CORRELATION 

In this figure, serial correlation is obviously a problem since the estimated values tend to remain above or 
below the actual values over long consecutive time periods. A more rigorous method of determining the 
existence (or nonexistence) of serial correlation is to compute the Durbin-Watson statistic. Values for this 
statistic close to 2.00 indicate an absence of serial correlation. Values significantly greater or less than 2.00 
indicate negative or positive serial correlation respectively. Tests are available to determine an acceptable 
range for the Durbin-Watson statistic. Such a determination is dependent upon both the number of 
independent variables as well as the number of observations used. The user should attempt to determine 
such an acceptable range of deviation from 2.00, as it must be specified as an input to the program if the 
autoregressive least squares procedure is to be instigated. 

TTie autoregressive least squares procedure included in this program involves the reestimation of the 
regression using the error term, lagged one time period, which was derived during the initial estimation, as an 
addi '>nal regressor. To the extent that this lagged error term is related to the other independent variables, 
the remaining regression coefficients wil! be slightly modified upon this second regression run. When 
forecasts are to be made based upon the regression results, the coefficient associated with the error term 
regressor is simply ignored. 

The autoregressive least squdres estimating procedure used here is similar to (and the mathematical 
equivLJent of) that found tn J. Johnston, Econometric Methods , New York: McGraw-Hill, 1963, pp. 
195-197. This procedure allows adjustment to be made to account for the autocorrelated error without the 
alteration of the constant term. One degree of freedom is lost, however. 
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Elich of tnf procedures bnefly dtstribt-d i^hnve may b'.* usva indiviriually or in combination wth one 
another. 'Rie input necfssao' to iii.stigau' L};i^si= proo^*iiur»\. i> described in the next section of tlii; appendix. 

2. Qperatin;,^ Procodurts 

l^w pr^-grarri is completely self contaiiu^fi aiui iri<:**p«'c.f!.;:u oi inty (>U'*.r eoniputer pro era rn, it requires ^ -o disks 
or tapei. and the assoeiated core reqtnr-\'^it :iL- art' rea->o:i;:l!]> -yunW. Tni^vet t:on is ii ;zuidi' to the input necessary 
to opc-iate the program. 

AM input data is to be entt^red m curd lorrti. I'hc (U pt nf!* ni \:tr!ai)le is r- ad in first, usinp an FlO.-l format, '/vith 
one observation per card. Kach ind<-'i>endent variable is then simihirlv read ii.v.. one obbvrvation per card using an 
flOA formal). For eat h variab-e {dependf!U a> wvW as irulepei:d»'nt) liie first observation to he read in is the 
earlie-SL obsiTvalion, the liist observation for »-;;ch variable bt in^ thr- most recent. 

The Siime number of observations nceo not be usrd ft.-; ea<'li varLihle. However, the last (rno'U recent) obsemtion 
for each variable mtist correspond to the same time period. It should be kept in mind that when lagged variables 
are created, or when a distributed lag is liSfd for a parMcular variable, tite aetual number of observations used in 
the reg:es.V]on will be less tha,n the ori[;inal nnmbt r. it should furtner be noted that the variable (dependent or 
independent) with the fewest obs -'vations after \aU,a and djsiribttied la^s nave been accounted for determines the 
actual .lumber of observations u:^cd in the re;;^rr-ss}on. Tne number of obser\ations used in the regression is 
determined internally, the user imisi simply hr a>vare(>f tiie potential ioss of observational data (and hence 
de(,'rees of freedom) from tht'se several soiir*:- : ..tul tiuis ;ise :» sufficient number of observations to suit his or her 
particuljr needs. 

ITie input data and tlie necvssary Cynximi rar;j> iv, iiir-r: ar<- (l--N^Tihv fi beiv)V. ) must oe pntr-rrd in the order which 
follows' 



TTie Artinclal Orthogonaiizaiion/Atnoregre.^sive Contrui Cam Format 

Col . 1 A zero is e n i v red in this column, if t he arti f Ici ai 

orl ho'^onali/alion proeedurt- is not to be executed. A one is 
enteied if the c:;«rr plat ion matrix is to be examined for the 
potential ( xistence of coHinearitV among tiiC independent 
variablts. and artificiiil orthot;onali/ation is to be executed if 
col linearity appears to be present. A two is eniorcd if artificial 
ortho^onali/^ation is to be executed rr-gardless of the values in the 
corrohit.on matrix of independent variables. 

On. 2 ' 3 /Icros s/iould b*:^ enter*'d in Columns 2 and 3 if Column 1 contains 

a 7ero or a two. 

The maxiraum acceptabie value for the coefficit'nts in the 
correlation matrix of hidepenrle.U variables shcjuld be entered if 
Colunui 1 contains a one. Artificial orlhogonali/.ation will not be 
run if no correlation c(>effici<*ntr> exceed this value. 

Coj. 't - 5 Zeros should b»* entt-rt'd in Ojiumns 4 and G if Column 1 contains 

a zero or two. 

TIh' desired piTcenta^e of variance in the ori,,Miial independent 
variabh- malnx to Im' retained in tlu' component matrix should be 
enier»'(i ir, (.olunmr; 4 and r> if Column 1 contains a one. 

C>)i, 6 A ouv is entrred in Column B if the auto regressive least squar<>s 

proceduo's ari' to t>e executed if serial correlation exists in the 
error terms. A va'to is ent^Ted if autore^ressive procedures are not 
to be ^'xeeuted. 

Col. 7-9 7a rf)s siiould Ix' enr».»re(1 in Coiunins 7-(j if C'Olumn 6 contains a 
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Tne acceptable deviation from 2.00 for the Durbin-Watson 
Statistic should be entered in Columns 7-9 if Column 6 conta:ns a 
one. This field is formatted as F3.2. If the Durbin-Watson 
Statistic falls within this range, the autorepressivc least squares 
routine will not be executed. 

Col. 10-80 Not use i. 

The Dependent Variable Control Format 

Col. 1 Not used. 

Col. 2 A one is entered in this column. 

Col. 3 - 4 llie number of observations of th . lependent variable. 

Col. 5 - 6 The length of the lag period for the dependent variable. If no lag 

is desired, zeros arc entered. 

Col. 7 \'ol ust'd. 

Col. 8 A OIK- is entered if the dependent variable is to be transformed to 

natural logarithmic form. A zero is entered if no loj;anthmic 
transformations are to be made. 

Col. 9-12 Zeros are entered in all columns. 

Col. 13-14 Programmed usvr suppliea variable transformations arc coded in 

these columns. If no such transformations have been specified, 
zeros are entered in the columns. 

Col. 15 • 80 Mot tjseii. 

The Dependent Variable Format 

Col. 1-10 CirA obs-- r%',?tion cf the dependent variable is entered right 

jiistined in a format of FlO. t. A separate card is needed for each 
observation and these cards are entered into the System with the 
earliest time period first. 

Col. 11 -80 N--tused. 

Number of Independent Variables Control Format 

Col. 1 • 2 The number of independent variables used, not to exceed ten. 

Col. 3 - 80 N"ot used. 

The Independent Variable Control Format 

One of these cards must precede each group of observations of each independent variable. 
Coi. 1 Not used. 

Col. 2 A one is entered in this column. 
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*• 'l^^ number of obsenations for the specific independent variable. 

' ^ Tlie length of the lag period if the independent variable is to be 

iagged: otherwise a zero is entered. 

* ' ^ A one is e??«red if the independent variable is to be transformed 

to natural logarithmic form. A zero is entered if no logarithmic 
transformations are to bf made. 

9-10 j\ value equal to one less than the degree of the polynomial to be 

u«^pd is entered if a distributed lag is to be estimated for the 
Independent variable. Zeros are entered if no distributed lag is 
used. 

Col. 11 . 12 Zeros are entered if ;^eros appear in Columns 9 and 10. 

length of the lag period if a distributed lag was specified in 
Columns 9 and 10. 



Co). 13 - 14 



Programmed -js^'r supplied variable transformations are coded in 
these col'dmns. If no such transformations have been rfpecified, 
zeros are entered in the columns. 



C<):. 15 ^ 80 ^oi used. 

The Inaoppndent Variable P'ormat 

'Hiis format is tho same hs the dependent variable format. 



3. System Output 

Ihe baMC output which is printed has oeen kept quite simple, if additional output Is desired, refer to the next 
section of this appendix. 

A sample of the basic printed output containing hypothetical data is pres.ented in Figure DA at the end of this 
section. This simple output is brieny described below in the order in which it appears on the printout. 

1. r>pendeni vanable. The Hrst item which is printed is simply the dependent variable vector Each 
obsorvation 15: numbered from 1 to wh-.T*^ n is the total number of observations for this variable, fn the 
exampie. therefore, observation number 2-1 is the most recent datum for the dependent variable. 

2. Independent variables. Each of the independent variables is then printed, in the order in which they have 
been read m. These variables are also numbered, the last observation for t^ach variable being the most recent. 

3. Correlation- matrix. This table presents the correlation matrix for the regrosr^^rs. These regressors 
correspond to the independent variables which have been read in, after all modifications and transformations 
have been made. 

Tne number of regressors may not equal the number of independent variables initially input iv tl^ 
distnbuted lag procedure has been initiated. When a distributed lag is to be estimated for a var.yolo 
mtermediate vanable> will be calculated and substituted for the original variable. The numbev of .such 
intermediate variables is equal to the degree of the polynomial which has been specified minus one. Thus, in 
the sample output, if a distributed lag was to be estimated for original variable number four, and if this 
distributed lag was to employ a third degree polynomial, then two intermediate variables would be 
computed, lliese would appear as regressors (variables) four and five in the correlation matrix. Variable 6 in 
the correlation matrix would, therefore, correspond to the original variable number five. 

Artificial ort hogonalization procedure. If the artificial orthogonali>uition procedure has bc<?n initiated, a 
message will h^- orinled to that effect. 
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5. Au tore gross! ve Ica^t squares procedure . If the auto regressive least squares procedure has been executed, a 
message will similarly be printed. 



6. Correlation matrix. If the autoregressive least squares pr^•>cedure has been executed^ the correlation 
matrix will be reprinted, this time including as the last regressor, the eiror term computed from the initial 
iteration of the regression procedures. 

7. It the autoregressive least squares procedure has been used, a message will be printed indicating that the 
independent variable matrix, this time including as a regressor the lagged error term, has again been 
artiTiciaily orlhogonalized. 

8. Regression results . The regression results are printed next, including the regression coefficient, the 
stancard error, and the t-value for each regressor, along with a constant term. The regression coefficients 
printed in this table correspond to the numbering of the variables initially read in. If a distributed lag has 
been estimated for one of the original variables, a message to that effect is printed in place of the regression 
coefiicient. The last numbered variable will correspond to the lagged error term when the autoregressive 
least squares procedure has been run. Each of the coefficients in this table (including the constant term 
listed on the last line) is applicable to the transformed variables. For example, if a variable has been 
converted into natural logarithmic form, the corresponding regression coefficient is applicable to the natural 
logarithm of the independent variable, and not to the variable as it was originally read in. 

9. D istributed lag weights. A table will be primed for each variable for which a distributed lag has been 
estin-ated. l^iese weights are applicable to the corresponding independent variable (as transformed), lagged 
0,1.2. ...periods. 

10. Ttie R- Square value for the entire regression is printed after any and all of the distributed lag weights 
Labk*s hyve been printed. 

1 1 . Du rhin 'Watson stntislic is similarly printed. 

12. Fi.nally. the actual and the estimated dependent variable values r printed for each tinrie period along 
with th? resulting error terms li.e. the actual minus the estimated valuer; ;. 

4. Guide to Additional Printouts and Modifications 

'This final section is intended to facilitate those users wishing to have additional items printed or v/ho may desire 
to modify or supplement the procedures contained in the program. As a general guide. Figure D-5 presents an 
overall view of the Statistical Analysis System^ logic. Of a more detailed nature, the following list identifies the 
nature and the contents of certain constants, vectors, and matrices within the program, Hiis list follows the order 
of statements found in the program listing given above. Each item is identified by a line number found in this 
program listing, and its dimensions are given if a particular Uem is to be printed or modified. The appropriate 
statement(s) should be entered immediately aft^n the line number indicated. 



Line 
.Number 


Statement 


Definition 


0023 


xrMD 

I - 1,N1 


Original dependent variable. 


0042 


X2 {Kl (2,J), J) 
J - 1. K4 


Original matrix of independent variables. 


0052 


X2 (1, K4) 
1 - 1, K3 


I>agged error vector f^om 1st iteration when autoregressive least 
squares procedure is executed. 


0062 


K3 


The number of observations used in the regressi >n estimation. 


0071 


K8 


The number of regressors used in the regression equation. 


0104 


X6(l) 
I - 1. N5 


x(i) vector for distributed lag artificial variable computation (.see 
Almon, op.cit.) 



ERIC 



Line 




Number 


Statoment 


0122 


X7 (I,J) 




I - 1 » N5 




J - 1, N4 


0128 


X8 (I, J) 




1 - x\5, N2 




J 1,N4 


0136 


X5 (I,J) 




I - 1,K3 




J - i, K8 


0144 


X6 (I) 




1 - 1, K3 


0150 


X4 (J) 




J - 1,K8 


0153 


X5 (I.J) 




I - 1, K3 




.] - 1, K8 


0158 


X9 (.If) 




J-1,K8 



0161 

OloG 
0168 

0172 
0174 

0188 
0251 



0263 



0279 



X5 (I,J) 

i-K3 

j«K8 

XIO 

XS (J) 
I* 1,K3 

Xll 

X6 (J) 
I - 1, K3 

X7 (I,J) 
I - i,K8 
J - 1, K8 

KIVU (I) 
I - i, K8 
EIVR (I,J) 

I - 1, K8 
J-1,KB 

II (I) 

J - 1, K8 
X7 (I.J) 
I- 1, K8 
J - 1»K8 

X8 (U) 
i- 1,K3 
J- 1,K8 



Definition 

Omatrix for distributed lag artificial variable computation (see 
Almon, op. cit.) 



Artificial variables for distributed lag estimation. 

Matrix of transformed regressors. 

Transformed dependent variable. 

Means of regressor variables. 

Regressor matrix minus means of regressors. 

Standard deviation of regressors. 
Standardized regressor matrix. 

Mean of dependent variable. 
Dependent variable minus mean. 

Standard deviation of dependent variable. 
Standardized dependent variable. 

Correlation matrix of regressors. 

Eigen values. 
Eigen vectoi"s. 

Eigen values in descending order. 

Eigen vectors ordered according to ordering of corresponding 
eigen values. 



Regres.sor matrix; if nrtlficlal orthogonalizatfon procedure has 
been performed, component matrix (called the X matrix below). 



197 



ERIC 
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Line 
Number 


Statement 


Definition 


0287 


A (I,J) 
I-1,K9 
J - 1. K9 


X'X 


0306 


A 

M 1. K9 
J-1.K9 


(X' X)'^ 


0312 


X36 (I, J) 
I - 1, K9 
J - 1, K3 


(X'X)-^ X' 


0317 


B(I) 
I - 1,K9 


Estimated regression coefficients. 


0337 


KIVU (I) 
I ™ 1, K8 
EIVR (I,J) 
I - 1, KB 
J - 1.K8 


I'Agvn vjiliMs in dosccndiiif; order. 

Eigfn vectors ordered according to ordering of corresponding 
eigen values. 


0347 


R(I) 
I - 1,K8 


KB sets of estimated regression coefficients computed when 
artificial orthogonalizatjon procedure has been penormed. 


0356 


B(I) 

J - 1,K8 


Regression coefficients (if artificial orthogonalization procedure 
has been performed, one of the sets selected from the above K8 

sets). 


0361 


AINV (I) 
I - 1,K3 


Estimated values for dependent variable. 


0363 


AINV (I) 
J - 1.K3 


Error vector. 


0371 


X14 


Durbin-Watson statistic. 


0399 


Al 


Standard error of the regression. 


0402 


X7 (I,J) 
I- 1,K8 
J - 1,K8 


Covariance matrix if artificial orthogonalization procedure not 
performed. 


0417 


X7 (I.J) 
I - 1.K9 
J - 1,K9 


Covariance matrix if artificial orthogonalization piocedure has 
been perfof.qied. 


0419 


AINV (I) 
I - 1.K9 


Standard errors of regression coefficients. 




A TM\7 
AlIN V [i) 

i-:,K9 


t-values for regression coefficients. 


0428 


B(J) 
J - 1,N1 


Unstandardized regression coefficients. 



0454 X6 (I) x(i) vector for distributed lag artificial variable computation (see 

I " 1, N4 Almon, op. cit.) 
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Line 




Number 


Statement 


0472 


X8 (I,J) 




I - 1, N5 






0481 


X9(I) 




I = 1, N3 


0493 


X4 (I) 




I " 1, N2 


0495 


X4(I) 




I 1, 








I = 1, N3 


0534 


X36 (1,1) 




1 = 1,K4 




X36 (1,2) 




1 = 1, K4 




Aob (l,o) 




T «i 1 V A 


VDOO 


AoD (INx, 1) 


0562 


X36 (I.l) 




I" 1.N2 




X36 (1,2) 




i - 1,N2 




X36 (J,3) 




I - 1,N2 




A 1 

Ai 




Al 


UD4y 


X4 (I) 




I - 1, K3 




n(i) 




I - 1,K3 




X3 (I) 




I - 1,K3 



Definition 

0 matrix for distributed lag artificial vanable computation (see 
.Almon,op. cit.) 



Distributed lag weights. 

Variance of distributed lag weights. 

Standard error of distributed lag weights. 

t-values for distributed lag weights. 

Regression coefficients. 

Standard error of regression coefficipntc*. 

t-values of regression coefficients. 

Constant. 

Distributed lag weights. 

Standard error of distributed i^g weights. 

t-values for distributed lag weif,nts. 

R -Square. 

Durbin-Watson statistic. 
Actual dependent variable. 
Estimated dependent variable. 
Error tjpfm. 
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FIGURE D-4 SAMPLE OUTPUT FROM STATISTICAL ANALYSIS SYSTEM 



.0 



O ' DEPENDENT VARIABLE 



O i 5132.C0U00 

^ 2 5709.00000 

L 3 _ 6189. COOOO 

'+ 'o61a.G0000 

O ^ 7011.0000C 

6 755i.OGOGO 

, 7 . 81 15.0000U 

i H " 8310.00000 

O ,^ «956.CDJOO 

10 8oOi. 00000 

I ^ \\ . 88-^6. COOOU 

12 6'}95.U0000 

Q 13 '^399.UO0UU 

^ 1-^ 9552.00OU0 

, 15 97^3.00000 

"16 9875. 00000" 

Q . 17 10206.00000 

^ 18 10115.00000 

I 19 9578.000oG 

20 9277. CCOOO" 

O 21 9U03. 00000 

^ 22 8373.00000 

23 7795.00000 

24 7321.00000"" 



3 



le 

q] independent variables' 

^ variable number 

O i J81.0C0O0 

.2 6 12.aC0 00 

r 3 //J.OCOOO 

4 "- <y()/«. 00000 

O ^ '/•)'♦. ocooo 

6 1 l'/!i.OCCJOO 

t . 7 _ 13/^.OCOOO 

B 1490.0C000 

A 9 16U5.0C000 

^ 10 i735.0CC00 

, \ U ldl6.0C000 

12 1871.0C000" 

O 13 1916.0C000 

^ 14 194U. 00000 

I 15 19o9.0C000 

16 1976.0C000' 

O 17 1S88.0CC00 

^ 18 ?.019.0C000 

, — ; . . 19 <^02U.UU000 

. ■ "20 2021.0C000~ 



* 6 Independent Variables, Only 1 Illuitrated 
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FIGURE D-4 SAMPLE OUTPUT FROM STATISTICAL ANALYSIS SYSTEM (continued) 



O 

Zj 

Ql 

o 
o 
o 
o 

9 



Ij 

3 



:> 



2 
3 



5 



VARIABLE 
I 



2 

3 



5 



6 

7 



CORRELATIC.N .MATRIX 



VARIABLE 


1 


2 


3 


4 


5 


6 


1 


I. 0000 


0.9787 


-0.6092 


-0.3729 


0.5)830 


0.9117 



0. 9787 



i.OJOO -0.5971 -0.4031 0.5B47 0.9184 

"^•^^^^ -0'5'j71 lj.00gp 0 .7515 -0.I1 J9 -0.8337 

-0.3729 -0.4031 0.7515 l.OQOO 0.0128 -0.5863 

._-0«_5_a3p p. 5 847 . _-q. 1 139 . 0.0128 UOpOO ,.._0_.j9_7_q_ 

0,911 7 0.9184 -0. 8337 -0.5863 r.39/0 1.0000 



ARTIFICIAL ORTHQGONALIZATICN f'ftCCEDURE EXECUTED 
"XDTOREGRESSIVE" LEAST SQUARES PHCCEDURE~EXeCUT£a' 



CQRRELATipN MATRIX 



_1._0C0C 
0.9 74 8 
-0.6759 
-0. 362i) 
0. 2 52 5 
0. 9236 
O.Obll 



_0.9/48 
1.0000 
- 0 . 62 50 
-0. 3876 
_ 0.3 2 98_ 
0. 9086 



3 

l0.6 75y 
-0.6250 
1.0000 
0. 7454 
-Oj.0110 
■0.8582 
■0,1209 



4 

:0.3628 
-0.3876 
0.7454 
1.0000 
0.1636 
-0.5821 
0,2159 



5 

.p.25 25_ 
0.3298 

-0.0 110 
0.1636 
1.0000 



0.1628 
-0.4593 



6 

.0^9236 
0.9086 
-0.8 582 
-0.5821 
_p.l628^ 
1.0000 
0.0125 



7 

_ O.OSIJ^ 
-0.1432 

..-O - 1209" 
0.2159 

_-0. 4593 
0.0125 
1.0000 



ARTIFICIAL ORTHOGU^ALIZATION PRCCEOURE EXECUTED 
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FIGURE D-4 SAMPLE OUTPUT FROM STATISTICAL ANALYSIS SYSTEM (continued) 

REGRESSION RESULTS 



VARIABLE 



R[3GRcSS ION 
COEFFICIENT 

0.0^62 



STANDARD 
ERROR 

0.0152 



T-VALUE 



3 

-zf- 
5 

~6~ 



d;o236- 

0.3692 



0.0041" 
0.0984 



6.3202 
"5.7359" 
3.7504 



D I S TR I B UTED-L A G " wE I G HT S-T^~ T ABL E -8 ETOVr 
-0.G800 0.C995 -0;,8037 

070598 



"O . 0296~ 



3-^3360- 



CCN.STANT 



2. 1625M 



DISTRIBUTED LAG WEIGHTS 
VARIABLE NUMBER 4 



PERIODS 
LAGGED 



WEIGHT 



STANDARD 
ERROR 



T VALUE 



I 

2 



0. OdOO 
■ 0. 1536" 
0.2017 



O. K93 
0.1555- 
0. 1050 



0.5356 

c.^eao" 

1.9215 



0.2050 



0. 1032 



1.9861 



0.1-^-^2 



0. 1083 



1.3315 



R SQUARED H 0.924847 
OURBIN WATSON STATISTIC M 

ACTUAL 



TIME 
PERIOD 



1.80^724 

ESTIHATEO 



I 

2 

~3" 
4 
5 
6 

~7 
8 
9 

10 
11" 

12 

13 

14 
~15~ 

16 

17 
_1.8_ 



falls 
8510 
8936 
86C1 
t02o 
8995 
93 99 
9552 
9745 
9575 

■10206 

10113 
9578 

_ 9277 
"9 0 03 
83 73 
7795 

_7_3,2_1 



.0000 
. 0000 
.COOO 
.0000 
. COOO 
.0000 
.00 00 
.COOO 
.00 00 
.0000 
.COOO" 
.0000 
. 0000 
.0000 
.0000" 
.CCOO 
,0000 
.0000 



7866 

9119 
17:3 2 0 
V212 

' 9302 
9685 
9633 
9762 

" 9780 

10063 
9799 
9166 
"8917 
8421 
7812 

_7392 



.2139 
.9749 
. 926 4' 
.6609 
. J004 
. 837C 
.8742 
.1265 
.8158 
.1398 
. C96 5~ 
. 0655 
. 0594 
.8668 
.244 1"" 
. 1425 
.669C 
.9089 



END CF JOS 
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ERROR 



243 
60 
""-38 
-518 
5 

-217 
96 

-133 
111 
112 

"425", 
51, 

-221, 
1 10, 

" '85, 
-48, 
-17. 
-71 , 



.7861 
.0251 
.9264" 
.6609 
.6996 
.8370 
.1258" 
.1265 
.1842 
.8602 
.9035" 
.9345 
.0394 
.1132 
7559" 
1^25 
6690 
9089 



FIGURi; D-5 STATISTICAL ANALYSIS SYSTEM 



Polvnomial 
Dism^uted 
Lag 



Artificial 

Orthogonalizatiori 



read input 
data 



compute lagged 
variables 



compute log of 
variables 



compute artificial 
variables 



sta 
var 


idardific all 
iablef 


i' 


cor 
ma 


relation 
trix 



compute 

component matrix 



regression 
coefficients 



Artificial 

Orthogonalizaticn 








transformed 

regression 

coefficients 


Auto Regression 


\ 

^ 








Least Square Durbin-Watson 1 



standard error 
of the regression 



Artificial 

Orthogonalization 



CO rariance 
matrix 



alternative 
covariance 
matrp 



standard error 
of Betas 



t — values 



j unstandardizf 
Betas 



continued on following page 
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(figure D— 5 continued) 



Polynomizil 
Distributed Lag 



J distributed 
1^ lag weights 



standard error 
of weights 



T 



t - values 
of weights 



write regression 
results 



Polynomial 
Distributed Lag 



write distributti 
Ibg weights 



compute 'estimated' 
and 'error' 



R— square 



J 



Durbin-Watson 



write Y, ?,e 
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APPENDIX F. 

ALTERNADVF COMPONFNT PROCEDURKS 



Onf of thr p:\mv charactonstit^ of ihr Svhoo] Facility nanninR SysU?ni is Hoxihility. 'IIm' techniques used in each 
of the eompononLs may be inodifird by addinu or dri'rtin^ rows, and by chanpn^; the ontrirs on the T and *6* 
eards. A few of thi- many alternative' procedures are discussed helow. Hsers are encournRod to add to this list. 

1. Subject Area Knrollment Forecasts . 

}f the user wnnt^ to project subject area enrollments ba.sed on the trend in the average numb<'r of courses each 
student in the school takes in tfijt subj. ct area, the following rows could b<^ substituted for each subject area 
u>4'd A junior hi^h situation ts presented for illastrative purposes. It should be t-mphabized that this change would 
neci*ssit3te renumbering a series of additional rows. 

Kow 370: Juntor High Enrollment. Total enrollment in the junior high school grades. 

Iiow 372: Average Co ursi>s in Subject Area-1 per Student, 'iliis value is calculated and input by the user, by 
dividing the subject area enrollment by the total enrollment in the school for the historical years. A '6* card can 
b<- used to calculate future ratios or the average of the historical years can be input usmj; a T card. 

Kow 373: Subject A rea^i RnroUment. lliis rosv is caleulatrd hy multiplying* projected junior hij^h enrollment 
limes tJ e projt t led average courses in Subject Are'a l per student. Dat.i for the historical years will be the same as 
that u-< d to denve the historical ratios. 



Similar ?nines woukJ be rep^^ated for each subject area used. No subsequent adjustments would need to be made 
to tht-^^ projections since no independent projection of total subject area enrollment is made. The same steps 
substituted into the eh»mentar>' and senior hijin sections of the Component. A different adjustment 
made by those users satisfied with the current procedures for projecting subject area enrollment, but 
curious about the resulting averas^ number of courses per student in a given subject area. TTiis adjustment would 
involve adding a row for each subject area, and dividing the subject area enrollment by the total enrollment. 



could 
could 



In the -inior high school situation, the average nuniber of courses for the first subject area could be determined 
with th,' following cards: 



■1 

n 




3 




i 






t 




C 


o 


r- 
L' 


r" 








1 


















7 




S 








m 






i 






u 








F 






















F 












































7 
















































r 






























































/ 






























































































± 


























































_, 
















































- 
















































1 




















































H 
























r 









Thus w^uld. of coune. require that subsequent rows be renumbered. AJso *8' and cards would have to be 
added i*" the information was to be displayed in the report output, 

2- .Nleanring Capacity in Square Feet . 

If the . ser wants to project facility need directly m terms of square fret, rather than first in teaching stations 
which an be translated mto square feet, certain modifications must be made. To make these changes the 
followi-'g substitutions should be considered: 

Subject Area»l Student SpacesAVrek . This variable is calculated by multiplying the adjusted subject 
area enrollment times a factor supplied by the user. This factor is the average number of classes in the subject area 
per wt"-k multiplied by the average square feet required per student or WxSF. 

'^^1^ Subject Area-l Square Fy^et RefjUired. Tliis variable is c.^Vulated by dividing student spaces per week 
by a fajtor supplied by the user, Dus factor is equal to th. number of periods p<'r week the school is in s^^ssion 
timi«; the utilr/<ation factor or PxU. 

Row 322: Subject Area^ Square Feet Available. Historical data on the number of square feet available for the 
subject area should be entered for all historical years. If data is unavail/^ble for an> year, a zero should be entert»d 
in that field. The current amount of square feet should be entered for ever\- year of the planning period. If a new 
school 13 being constructed or an existing school modified or closed, the amount of square feet should be adjusted 
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(o ri'llcTl Iht si' luin^i'S jri nit years conciTru'd. 



Row 323: Siihj.'ot Arr;i-1 Sqirtrc Fvvt Short or l-AtTss . 'llils variable is ohtainrd by aublracllniJ the roqulrod 
squan* footjj^f {U<>w .'Til ) from a\ai.iable squnri*^ frol (How 322) for ihv subject arra. 

Row 324: t^oonK Short or F\c(s.s . 'H^is Mirinbie is obtainod, if dcsm^d. by dividing: the square ftvt short or 
oxfoss by thi' sU'id.ird room si/v fur tiu* subycl arra. 

*lln« abovt.' stop; npj t be rrpratrd for ovcrx' subject area u<od in thr «'lerni'ntar>- school analysis. Mexsurcmont of 
facihly ruw^d in :;(ju:ir»' feet i'^ also |)ov';ihle for the jenior hi^h and senior Iwj^h analysis when similar cbanj^os arc 
nnde to th(- pertinent rcws. 

3. .VsM'S>'^>d Vaiu;un'r; (l.ouica] Unit Method). 

An ::lternati\e appro.ich for detenninjn^ futiin' assessed valuation is to project community prowth in terms of 
structure's, aon-s, square feet, or s(nne other loj^ical unit, 'Hie projected number of units is multiplied time.s the 
projected average a:ssessod valuation per now unit. Hi is fij^ure is then added to the estimated assessed valuation of 
exislin^j units to arrive at a projected total assessed vak/ation. Agj;re|^ated or disaRf^rejjatcd data may be used. For 
instance, aii struct jns may be projocte?! on an ajJi^re^Mted basis or structures may be projected by individual land 
use cate^tuy such a-. r<'sident:ai, conuiierciai/industrial, or any other logical break^lown for which data Is available. 
Hie r»)ws t}t luw iiiiistrate an i^:^^re^.aed approucli usin^^ tlie number of structures as the unit of analysis. 

Row tH2: iV<)MTt»-d Tnits (stnieiure^). 'Hie historical number of new unil.s (slructurt^s in this example) is 
I'Mt'Tcd in l\uA t'>s2 ;ur eac.i apprr>prj,ite >ear. Tne iuiinl}er of new units is proj<'Cted with a user selected growth 
. ur»e Hinear r\tra;v,.Ljnn-i -m jhi'. e\ani{>le). 




Row 685: Project <h1 .Avcr.-i^e As.s<><;sed Valuation per New Unit. 'Hie histoncal average assessed valuation for new 
unites for each year is calcuialed rnanu:iiiy and entered into Row 085 in th«» appropriate years. Projection is made 
TvUh a i:rowth cane liiat n-Hects the user's expectations re^ardinjj inflation. TTie curve selected here is 
exponential 




Row 686 : Projected Total A,ss^<^^-d Valuation per New Units . The projected total assessed valuation for new 
stni( tures is calculated by multiplying; How n82 times Row 685. Some users may be tempted to dispense with 
these rows and simply p>:trapolate histoncal total asscr>sed valuations for new units in Row 68G. This short cut 
will result irr an unrra'ionable for(^^^st. however^ unless the growth curve is based on an undersU^nding of the 
probable number .^nd pric»^ of new uiiils in the community. 
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Row 688 : Kate of Change in A.sse<;sed Valuation for Existing Structures. The annual rate of change in assessed 
valuation for e\iUmg strjctures entered into Row 688. Ttm is a user supplied variable based on knowledge of 
reappraisal policies in the disinct and on judgement regarding future inflation. If property is reappraised every 
time it is transferred, then there probably will he a small increase each year. If all property is reappraised every 
five year;, then there will be a more si/.eable increase every fifth year. It is recommended that the user manually 
enter the forecast ratio rather than select a projection technique. TTie example below illustrates a three percent 
increase ir. assessed valuation due to ongoing reappraisals at the time of property transaction.s. and a twelve 
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|u»w 6!f0 : Pr>.i. ;. :.>(i [otMl A ! ,-^-^-(i Vjiuatio n. Vhr In -)nr;ii luVM ;,v;f v;rd v.-ilu.ition for all units is viiivrvi\ into 
..'>v^ »v.:MJ. Hir pr. K'.flt.r.' v;,rd rmiinp;;.-. ihr rnr.r,)-- -ri ratr of rJiMn^,' tim.'s Iht^ la.t lusioriral totiil assessed 
Wiluatjon and .idds rn ihe j vjitiaiiui, for p.. j^s-t,.,! ru.w .fnirturrs to arrivr ju i\n estimate of asst-ssod 

va» j.itiori for all striitiurt s 
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in.iv -.va'-.t .'xpa-ir. ii.r?:ir; .:ppriMi ii ■>.) Uj.it li'r aiilic.'paccd drmoiilion of units, and hence ioss 
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■" r'''' " 4 r >r (i. ! r, i. ivp^- of limd u .i' anci (hrn suninird loarnv^' at lotal 

' ■^Pi"'''' ' !■ i' ii-rd, !i;r;i 'ij n; h.ii dat.i jorrafJi land usr siiduld bv entered in How.<i G79 
^^^^^-''^i! rouv J. t(i :ak.- \Uv format o^" How <iV)() illustrated in the text. Sinre each 
t.;-;n ii j>r-,.T^ d i ::d; vtd :m; i v . ;..vi! t -. ^j .,i! i:ir i. .n must he summed. Vav^ is eal<-ulated in How iWH). 
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Short Meth.vl for 'U)U\i Revenue fVoiectio 



A Mrni.Iir.ed projrrhnn tr. hruj-p n.ay \u appr. -prt.tN- ,n sitiiat.ons whrre there is no need for revenue projections 
ny .ourct\ and one or two n^onue cate^ones provi../ tiir n.ajonfy of district fund.';. Ihe user is cautioned not to 
;ne!ud. meonn rif rr^ed fr<mi rh- .;ajr of bond , ui the; abbreviated approach. Because of iLs Huctuatm^ nature, 
inrom* from ihe siide of vSond:. should h- projrt trd separately and then added to the n-^ulLs of the .short method 
to arrive ai t^)UaJ revenue, rather a n'icrvv' i«>n or ratio rpproarh can U5,rd. 
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Aitrrnative A. ToUi rovcnuo may be forocast as a u»pri';^si<)n ajiainst ad valorem taxes arid/or state unrestricted 
pants in-aid. In the example, totiil district revenue is entered in Row 838 and projected as a function of real 
property Mx neeipt.s {Row 7;j(i). Row 850 adds the non-revenue income derived from the sale of bonds (Row 
KtO) to arrive :r. a tot;il revenue estimate for the district. 
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AItern:iti\e ii. A second shortened method of projecting* tot.il revenue is to calculate manually the historical ratio 
tx'tw(H n touil revenue and ad valorem taxes and then multiply this ratio times the projected tax n>ceipU to arrive 
at projectrd subtotal revenue, lln- ratio used in the example is one and four tenths. In other words, total revenue 
nas historically been one and four unths times ad valorem tax receipts and tiiis relationship is assumed to 
cdntmue mto the future. Row 850 adds income from the sale ol bonds and the subtotal revenue to arrive at total 
n^UMUJe for the disinct. If desired, the ratio can be projected. 



: icrr.yz:--^'- ^^-^^--^ 




ITh' user is enrouraqed to experiment with other "shtjrt-cut" formulas for projecting total district revenue. 
6. Teacher Salarv' Forecasts . 

S<-veraI alternatives to the us^^ of an mdependent per capita income projection can be used to forecast future 
outlays for district salaries. 

Alternative A. Teacher salami may be projected directly by assuming a constant inflation rate and applying it. 
I^ie example below assumes that teacher salaries will increa.:'^ at a constant rate of four percent per year. A 
variable rate could also be applied. 
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Alternative R. Teacher salaries may al-^o he projerted by choosing a Rrowth cur^r and applyinp it aKainsl 
historical data. In this example, hlaorical teacher .salaries are projected, using an exponential cune. 
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7. Short Mr>h()d for Operating Kxpcnditurrs I'roiection . 

'Dn- s;ini(' k-nd of abhrtniatiui approach used to fort-cast rrwmivs can \w usod n ihv calculation of district 
expi'fuJitun's 

illlilL'llriL^i; ^>i^tn< I salar.ts and hcru-nts usually constitutr ihv vast prr(vritaue of tot,nl district operating 
rxp^uidttori-. 'Hns \u'im\ ihv case, oprratin^ cxpciuhfurfs may be projected as a function of district salaries (Uow 
H.O) and district ben. 1 its ( Row H7l>). 'Ilie followinj^ example illustrates tnis multiple re^n-^sion approach: 
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^I^y^^i^"^' second approacn is to calculate rranually the historical ratio between total salaries plus benefits 
and tot.ii operatin^^ expendif^ures. 'Hiis ratio is then multiplied times forecasted district salaries plus bpncHts to 
arrive at projected opt-ratin^; expenditures. 
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(> recasts 



A vanrty nf tiv:.ntq I' v rajv UM-d u> lon-casi constnu-Uon eosts ovrr the planning: period if a reliable 
uuirpt'iHlent lorerast Is not avnilabh*. 



■Mti'fnalnv A. nu rn, iiimorira! rate of ehan^e in a local bulldini: cost Index or other indicator of construction 
c<»'.t IS manually caiculatrd, 'Ilns avcra^^e rale of chanf^v is then carried into future years. 'Hie a.ssumption is that 
trie avrra^e ht.torical raf* of chanj^H- will apply in the future. In the example below the average historical rate of 
.'l^-in^e fur the HrU slx > (^ars of the Dodge Manual Buildint! Cost Index has been calculaied to be .06862. Since no 
m^toncal data is n.rdfd for Ibv projection of future indices, none are entered. Also, because in this case, any 
vaiu.* may sprv.« as an indrx, one hundred is entered in the current year. Ilie procedure card laRS one vear from 
iUr blank m 197r> to ihv 1971 index of on<- hundred. Ilie pro^Tam multiplies one hundred times 1.06862 to 
caiculai- an index of 106.862 in 1975. Tho 11)76 index is 1 M.11M87 or 106.862 times 1.06862, and so forth to 
tiie (TKi of thr planninj^ period. 
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Alternative B. In the second altornativp the ratr of change in the buildlnR cost index is a.-^surren to refiect a 
con-l.ir.t InHation rate. ITie daLi requirements and procedures are similar to .Mternativc A. Tlie .'xample below 
illustrates an estmiated future annual inflation rate of five percent in the local construction industn . 
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Alternative' g Mie historical building co^t index or any other indicator of construction cost can be projected, 
using any of the growth cunes listed in Chapter 2. The example presents an exponential projection of the 
historical Dodge Manual Building Cost figures. This curve assumes that the infiation rate in the historical data will 
remain constant. A small problem for some users may be that the projection will ml start with the exact data for 
the last historical year 
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APPENDIX !• 

GRAPHIC DISPLAY PACKAGE 



to nr .2 1 '"'•"""'•^ °^ ''^''ho"' '••ocility Planning System 

. pn.s.de (h. us.r w,th the ability t„ ,.r,-.phi,ally repre.sont (h. pn.j.vtions d.rivrd in ti.e Fnrollmcn 

of Idaho. n„. pu,iiT,m produces a a.nfornial ,nnp which ropresent-s Hreas .n their true shapo. 
1. .^."'^ >li t*:! ni O esc r I p '., 1 ( ) n . 

il^cdTthrr 'ir'"" '""."r - '"^ ^T'Proximatelv ;i2K bytes of core storaRc. A 'scan-line' principle is 

ru in, : ?n i P^'^'' ^'^-^ "''-'P P"'"^'d with the one restriction being 

computer run time. Single pai^e maps have been proriuced in h-ss than two minutes. 

2. input Cards . 

m-n Tn^i'T '"'f '"•'^ R^"^'P^ - source deck, the parameter d.ck, the data dock, and the 

i u e- SM m. , " '"^'"^ ^ "'•^•'•'"'^ c...pIanation of how to prepare 

tni> use. supplied card.s is contained m .Section 3. 

'''' r • """'P'"*^' P^"*-'"'"- conuilned on tape. 

.ncci.ipasM^ t,., entire program ,ind ir.dudes n,„dincat;: u,s necssary to run the program on an IBM 370/M5. 

x.nc5 Lm''''^r"7 '^^■' V'"'^'^'^ <ard:i. 7>,e parameter card contains information 

.oni.rmrin tne ba.c paraMietor. of U,e system, nie.so parameter; are tlie number of sUitistical cl-,s.ses 
Unax.mum^lU) ti,e nun,b<-r of data areas imaxinuim -;„.OMhe number of scan line: (mal^m =9^99^^^^^^^^^^^^ 
rnaxMrnim width of the map in print characters (maximum O 31 ). prmt .symbols for the b .-kgrounLrea and pr inl 
-symbols for those valu.s outside the range of the statistical cl.xss limit.s. ^ 

second card in the parameter deck is the title card. 'Hie title of the printed map is specified on this card The 

deck to be categorized and mapped. ll,is format statement is based on a format established for the data deck 
cards. Lach time . different data item is selected for mapping, the data selection card is changed. 

•Ilie statistical la>.s lirnit-s card contains the Iow,t and upper limits of each sUatistical cla.ss. A second card can be 

Print svmbH-" ; f --eds seven. V.. decimal point must punched for each limit spec fied Th 

ch r J r "T'T ^-''-^^ A ma.xi,num of four 

harac ens can be specified on each card resulting in overprinting. A separate print symbols card mu^ bT used for 
each cla.s.s interval ana input in the sequence of the statistical limits specified on the .Statistical limits rlrd. 

trnfrSr^^T-T^ "T'" "^^'PP''^ ■'^"'•h population, hou.sing unit or 

^^ach d u ' : T^''': " identincatL number is assign d to 

l^Lt jJ u r u" P"^«^^'"' 'h'^ 'J^-' f^^'^at of the data items is 

ne.Mb e and will depend upon the values to be mapped. 'Hie number of data item.s coded is dependent orUhe 

r;:,::;i:r;r. " '"^ "'^-^ ^"-^^ '-^^'-^ p--- - are -^^^fed 

mch vertSlK^"", ■!!'?• i ^ " ""P ^ Rrid which measure, six lines per 

h ■ ■ , r ^"^"^'""-"'> - P"i"t is at the top left of the map. A card or pair of 

iM sr.n'r^''' r '""""'"^ ""^ ^-"^ are included In 

h.-;ck J ,nT^h 'Tr '"""'"'^ ^''^""'"'^ the line, including the 

b.-.ckground; the idcntmcation number of the first segment on the line; the ending print positio, of the fiS 
-segment: he second area's identification number: th. ending point position of the second area; and s . on ntiUI 
se ments have been covered. If tlu-re are nuue than twelve segnK nU on a single scan line, a second c^rd i e Jed 
T^.e thirteenth segment i, Identified starting in Colun.. 7 of ,he second card. 'I^e identification number for tiu: 
background area is one more than the identification n.mber of the last data area contained in the data deck 

3. Input Card Format. 

Tlie format of each of the input cards, excluding the source deck, is presented below. An example of each card 
type IS shown rn Figure F.2. If the format of the c«rd is flexible, a suggested format is given. 
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FIGURE F-3 CONSTRUCTION OF SCAN DECK 
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b) Exar..pje of SCA?J DECK 
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A £eco)^-l Card Is Uf-d If 
Tnci'C Arc tlcro Then 
12 Segmer^ts cn a 
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FIGUEE F-2 GRAPHIC DISPLAY PACKAGE INPUT CARD FORMAT 
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The t'aramfter Format 



i5!K 



.B 



, iJlJllJllTLl- 



7 7 
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01 



^1) 



2J/ 



ri 



Not ijs('fi. 



Thy' nuiubvt atistirai classes into which the data is to be 
ciividrri. A MiaxtnKjm often classes is allowed in the program. 

71ie number of data iireas to be mapped. A maximum of 300 is 
allowed m the proj^rani. 



l^ie number of scan iines on the map. A maximum of 99,999 
lines is allowed in the pro^ani. 



Col. Ui 



'llie width of the map to be printed in print characters. A 
maximum width of I'M print positions is allowed in the prop-am. 

Not. us»'a. 

'Hie print symbols for the background area. If no symbol:; aro 
d»'sin'd.the columns are left blank. 



. SO 



'Hie print symtxjls for data values which fall outside the mnjie of 
the specified statistical class limits. If the class limits have been 
defined to include all p<^s,sible data values^thcse columns can be 
left blank. 



T\\e Title Format 
Coi. 1 « 80 



'Hie title desired for the map. 
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Hie Di!ta Selection f/ormat 
Col. 1 . 80 

'Hie Statistical Class Limits Fonr at 
Col. 1 • 10 
Col. 11 - 20 
Col. 21 - 30 

Col. 31 . 40 

Col. 41 . 80 



The Fortran format statement, enclosed in parentheses, which 
designates the specific data on a data deck card which is to be 
read and mapped. 



The lower limit of the first statistical class expressed as a decimal. 

The upper limit of the first statistical class expressed as a decimal. 

Tlie upper limit of the .second Svatistical class expressed as a 
decimal. 

The upper limit of the third statistical class expressed as a 
decimal. 

The upper limits of the fourth through seventh statistical classes 
expressed as a decimal. If more limiLs are to be .specified.a second 
card is needed and the above format is continued. 



The Print S\-ml'Ols Card 
C^i. 1 . 4 

Col. 5 . 30 



A symbol to represent the first statistical class. Symbols placed in 
the second, third and fourth columns will result in the 
overprinting of these characters. A separate card is needed for 
each statistical class. 

Not used. 



The Data Card Format 
Col. i • 10 
Col. 11 - 13 



Ihe name of the data area. 

Hie sequence or identification number of the data area. 



Ihe remaining columns have a flexible format. The suggested format is the following: 



Col. 14 . 23 
Col. 24 ' 33 
Col. 34 - 73 
Col. 74 . 80 



The first data field. 
The second data field. 

The third, fourth, fifth and sixth data fields. 
Not used. 



Hie Map Scan Format 
Col. 1 . 3 
Coi. 4 . 6 



Ihe scan line number. 

The number of data area segments on the scan line including the 
background segments. 
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The identification number of the first data area on the scan line. 

Hie ending print character position of the first data area. 

Tile identification number of the second data area on the scan 
line. 

'Hie ending print character position of the second data area. 

Tile identification numbers and ending print character positions 
of the third through twelfth data areas on the scan line. If there 
are more than twelve data areas on a scan line, a second card is 
used beginning in Column 7. 

Not used. 



4. Submission to the Computing S\^stem . 

To obtain a run of the mapping program the cards must be submitted in a specified sequence. TTie example given 
in this Appendix uses the job control language necessary for execution in an IBM 370/145 DOS-VS environment. 

// J03 (standard JOB card) 

JOB (JOB name) 
*$$ LST FN0-4111,CLASS=T 
// OPTION LINK 
// EXEC FFORTRAN 

[C-Map Fortran Source Deck] 
/* 

// EXEC LNKEDT 
// EXEC 

[C-Map Parameter Deck, Data Deck, Scan Deck] 
/* 
/& 

*$SEOJ 

5. Systems Output . 

The systems output consisU of two sections. In figure F-S some of the user input variables are listed. Ihc map 
title, the number of daU areas, the number of statistical classes, the rangr of each class aJong with its associated 
print symbol are listed for easy reference. Figure F-4 shows a sample of the actual map produced. 



Col. 7.9 
Co!. 10 . 12 
Col. 13 . 15 

Col. 16 . 18 
Col, 19 . 78 

Col. 79 . 80 
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FIGURE F-'<i PARTIAL LISTING OF USER INPUT FOR 
GRAPHIC DISPIJW PACKAGE 
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FIGURE F-4 SAMPLE CHOROPLETH MAP 



a. 



SCHOOL DISTRICT dA^ 



1970 ENROLLMENT Br GRID 
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P' 

D 
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XXX 

xxxxxxx 

"^'^ XXxXXXXXXXiii 

^^^^^^ XXXXXXXXXXXXXXliii 

xxxxxxxxxxxxxx.xi 



et«HribHHb««B«BB6bbG«0H68H98 

iiBn9H6yHHObbbbbbe«beHbfaOHbfloe«9e 

aiibfafafabbbHftHbbHbfWb0fl€B9Hbe98HfJe 

• bbjbtiBe XX xxxxxxxxxxifif ■•■obfabeeHbB^bboeeeHeyeeeHbbHebneQ 

cjn.^HHHbHy ■■■■■■■■■■■■■■ ■■HdHHbbBHbbHbQ9HHfl«^ 

qetHH^HMH^ [ ;^ 

" •■H0H0y8bHHbb8flbeeeHHHbribHybabrfG«HG 
««bbfabHMbH«Hb8bb0bri0bb0«fabH8e00«ebG9 

bdbbuuuuouuoauQxxxxxxxxxxxxxxxxxxx 



XXXX;(XXXXXXXXXXXMI 

«^fl«^dHbbriH b-tJl:MHH4fm«4Htl9 XX'X X X XX XX X X XXX X XX I 

ef)H^e^H-jeyd'^y"Bt3PMe^^^iynt,.j09iKidt> x xxx xxxxxxx xxxxx i 

09499Gdri9ydaHBaJBftebtied9xxxxxxxxxxiiixxxx«x^ 

_ «9u^q«HH.14bHBaedBe99HBBXxIIxxJ"Jxi;^ 

pef^-'gee-idHbyetidb^syBeByyxxxxxxxxxxxxxxxIxIIIJI^ ouoooououooooooxxxxxxxxxxxxxxxxxxxk^ 
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